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ABSTRACT 

A  review  is  presented  of  the  current 
knowledge  on  ptinid  beetles  known  to 
occur  with  ants.  Inckided  are:  1)  a  cata- 
logue of  the  myrmecophilous  Ptinidae,  2 )  a 
summar)'  of  biological  and  distributional 
data,  3)  a  revision  of  the  genera  and  key 
to  the  species  occurring  in  Australia,  and 
4)  a  discussion  of  the  origin  and  evolution 
of  mynnecophily  in  the  family.  Eight  gen- 
era and  43  species  are  treated,  and  8 
previously  recognized  genera  are  placed 
into  synonymy.  A  Hst  of  ant  host  species 
is  also  given. 

^  Museum  of  Comparatixe  Zoology,  Harvard 
University,  Cambridge,   Mass. 

-  Departamento  de  Zoologia,  Secretaria  da  Agri- 
cultura,  Sao  Paulo,  Brazil. 


INTRODUCTION 

The  family  Ptinidae  includes  about  50 
genera  and  600  species,  which  are  dis- 
tributed throughout  the  major  regions  of 
the  world  but  are  particularly  abundant 
in  the  drier  parts  of  the  subtropical  and 
temperate  zones.  Of  the  described  species, 
almost  50  have  been  recorded  from  the 
nests  of  ants  and  at  least  42  appear  to  be 
true  inquilines.  The  purposes  of  this  paper 
are  ( 1 )  to  propose  certain  changes  in  the 
classification  of  the  myrmecophilous  species 
on  the  basis  of  newly  discovered  characters, 
(2)  to  provide  a  key  to  the  species  oc- 
curring in  Australia,  ( 3 )  to  summarize  what 
is  presently  known  about  the  biology  and 
distribution  of  mynnecophilous  ptinids  in 
the  form  of  a  catalogue,  and  (4)  to  spec- 
ulate on  the  possible  origin  and  evolution 
of  myrmecophily  in  the  family. 

Those  species  of  Ptinidae  which  are  here 
considered  to  be  true  ant  guests  fall  into 
five  main  groups:  the  two  tropical  Amer- 
ican genera  Gnostus  and  Fabrasia,  the 
South  African  Diplocotidus,  the  southeast 
Asian  genus  Myrmecoptimis,  and  the  sev- 
eral Australian  genera  which  have  usually 
been  placed  in  the  subfamily  Ectrephinae. 
The  first  four  of  these  will  be  discussed 
briefly  below  and  the  last  will  be  treated 
in  detail  in  a  later  section. 

In  addition  to  the  above,  several  ptinids 
have  been  recorded  from  the  nests  of  ants. 
Tlie  European  Ptinus  suhpilostis  Sturm  and 
P.  scxpunctatiis  Panzer  have  been  taken 
with    the    ants    Acanthomyops   fuliginosus 
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(Latreille)  and  A.  hnmneus  (Latreille); 
both  beetles  occur  in  other  habitats  as  well 
(Linsley,  1944;  Howe,  1959).  The  species 
Diplocotidus  moscii  Braiins  was  described 
from  specimens  collected  under  a  rock  with 
the  ant  Mcmnopliis  peringucyi  Emery  in 
South  Africa  (Wasmann  and  Brauns,  1925). 
Andreae  (in  litt.)  has  examined  the  type 
and  considers  it  to  be  an  old  and  rubbed 
specimen  of  Pscudomczium  coqucrcli  (  Fair- 
maire).  This  record  with  ants  is  probably 
accidental.  Finally,  the  species  Leioptinus 
infhtus  \\'asmann  (1928)  was  described 
from  a  nest  of  Mijnnicoria  amchnoides 
Smith  on  Sumatra.  This  species  may  be 
myrmecophilous,  but  from  the  description 
and  illustration  it  does  not  appear  to  us  to 
belong  in  the  family  Ptinidae. 

Gnostus  and  Fohrosia. — These  two  gen- 
era, which  contain  all  of  the  New  ^^'orld 
mvrmecophiles,  have  been  treated  else- 
where (Lawrence  and  Reichardt,  1966a) 
and  will  not  be  discussed  in  detail  here. 
Since  the  publication  of  the  above  revision, 
however,  two  new  records  have  come  to 
our  attention.  A  specimen  of  Fohrasia 
horfimcicri  Lawrence  and  Reichardt,  in  the 
collection  of  the  Departamento  de  Zoologia, 
was  collected  at  P090S  de  Caldas,  Minas 
Gerais,  Brazil,  in  February,  1933,  with  the 
ant  Camponotus  (Mijnnohrachys)  scnc.x 
(F.  Smith).  This  represents  a  southern 
range  extension  and  a  new  species  of  ant 
host.  A  specimen  of  F.  wheeleri  Lawrence 
and  Reichardt,  in  the  collection  of  the 
CaHfornia  Insect  Survey,  was  collected  6.3 
miles  west  of  Tehuantepec,  Oaxaca,  Mexico, 
on  July  21,  1952,  by  E.  E.  Gilbert  and  C.  D. 
MacXeill  (ant  host  not  recorded).  This  is 
the  first  record  of  Fabrosia  from  Mexico 
and  represents  a  considerable  northern 
range  extension  for  F.  wheeleri,  kno\\n 
previously  from  Colombia. 

Diplocotidus. — \\'ith  the  removal  of  D. 
moseri  (see  above),  this  genus  contains  a 
single  species,  D.  formicola  Peringuey, 
which  occurs  in  the  interior  of  South  Africa. 
Andreae  ( in  litt. )  considers  these  to  be  true 
myrmecophiles    and    has    seen    two    unde- 


scribed  species  from  the  same  area.  The 
species  differs  considerably  from  other 
mvrmecophilous  ptinids  and  probably  rep- 
resents an  independent  line.  The  construc- 
tion of  the  prothorax  (Fig.  29),  the  sub- 
quadrate  and  concave  clypeus  (Fig.  3), 
and  the  aedeagus  with  reduced  parameres 
(Figs.  26,  27)  are  all  unique.  The  grooves 
on  the  pronotum  are  somewhat  similar  to 
those  of  P.  coqucrcli  and  some  of  the  South 
African  gibbiines,  but  the  species  does  not 
appear  to  be  closely  related  to  any  of  these. 

yiyrmccoptinus. — Myrmecoptinus  hutteli 
^^'asmann  ( 1916 )  was  described  from 
Sumatra  and  associated  with  the  ant  Crc- 
mafogastcr  hutteli  Forel.  Although  Was- 
mann's  type  has  not  been  examined,  several 
specimens  have  been  seen  from  Geylon, 
Borneo,  China,  North  Vietnam,  and  Burma 
that  conform  fairl>-  well  with  the  descrip- 
tion and  probably  belong  in  the  same 
group.  The  elytral  humeri  are  well  devel- 
oped, the  wings  are  present,  the  clypeus  is 
flattened  and  triangular  like  that  in  Ptinus 
( Fig.  2 ) ,  and  antennal  modifications  are 
completely  absent.  The  pronotum  is  rela- 
tively simple  but  has  a  well-defined,  nar- 
row, transverse  groove  at  the  base,  which 
connects  lateral  pairs  of  processes  resem- 
bling the  trichomes  found  in  other  inqui- 
lines.  The  color  is  black  and  the  vestiture 
is  sparse,  consisting  of  fine  hairs  as  in  other 
m\rmecophilous  forms.  One  of  the  speci- 
mens examined  was  collected  by  Mjoberg 
in  an  ant  nest,  but  the  locality  is  indecipher- 
able. These  beetles  are  probably  myrme- 
cophiles, but  they  do  not  appear  to  be 
closely  related  to  the  other  groups. 

Ectrephinae. — The  majorit\'  of  myrme- 
cophilous Ptinidae  occur  in  Australia  and 
are  generally  placed  in  the  subfamily  Ec- 
trephinae. These  will  be  discussed  further 
below. 

Notes  on  Terminology 

There  are  a  few  terms  used  in  the  key 
and  discussions  that  may  need  clarification, 
although  the  usage  is  essentially  the  same 
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as  that  found  in  Lawrence  and  Reichardt 
(1966a). 

Chjpcus.  This  is  equixalent  to  the  area 
referred  to  by  Stickne\-  ( 1923 )  as  the  post- 
ch'peus.  In  most  Ptinidae  it  consists  of  a 
well-defined,  broad,  triangular  plate  lying 
just  in  front  of  and  between  the  antennal 
fossae,  the  anatomical  base  of  the  plate 
forming  the  apex  of  the  triangle  (Fig.  2). 
The  word  "apex"  in  the  text  refers  to  the 
anatomical  apex  to  which  the  labrum  is 
attached.  Many  of  the  myiTnecophilous 
species  ha\e  a  more  elongate  and  tumid 
clypeus  (Figs.  1,  4,  7,  8),  while  in  several 
others  it  consists  of  a  flattened,  cleft  plate 
(Figs.  5,  6,  9,  10). 

TricJwmes.  In  the  supplement  to  Torre- 
Bueno's  Glossary  of  Entomology  (Tulloch, 
I960),  trichomes  are  defined  as  "modified 
hairs  present  on  certain  mynnecophilous 
insects  which  give  off  secretions  which  ants 
imbibe."  Although  the  word  may  be  used 
to  describe  any  group  of  hairs  which  are 
thought  to  be  glandular,  it  is  commonly 
restricted  to  distinct  setiferous  processes 
usually  found  on  the  prothorax,  antennae, 
elytra,  or  abdomen  of  myrmecophilous 
beetles.  Actually,  statements  about  the 
function  of  these  structures  are  seldom,  if 
ever,  accompanied  by  histological  or  behav- 
ioral studies  (see  p.  12). 

In  the  Ptinidae  there  are  four  main  kinds 
of  structures  which  may  be  glandular:  ( 1 ) 
elytral  pores,  (2)  femoral  trichomes,  (3) 
pronotal  trichomes,  and  (4)  antennal  pilos- 
ity.  The  first  two  structures  are  found  only 
in  the  genus  Fabrasia;  the  elytral  pores 
secrete  a  white  waxHke  substance.  In  some 
ptinids,  such  as  Ectrephes  fonnicanim 
Pascoe  ( Fig.  28 )  and  Enasiha  tristis  Olliff , 
the  pronotal  trichomes  bear  distinct  pubes- 
cence and  resemble  those  occurring  in  the 
Paussidae  (Darhngton,  1950).  Many  spe- 
cies, however,  have  lateral  clefts  and 
processes  (Figs.  30-32,  34)  that  appear  to 
be  homologous  to  the  trichomes  of  E.  for- 
micannn  but  that  do  not  bear  patches  of 
hairs.  One  feature  that  all  of  these  struc- 
tures share  is  the  proximity  of  the  tips  of 


two  processes  arising  on  different  sides  of 
a  cleft  or  fovea.  Perhaps  this  is  a  device 
for  collecting  a  drop  of  liquid.  In  the  fol- 
lowing discussions  all  of  these  prothoracic 
structures  are  called  trichomes.  Patches  of 
short  hairs  or  pile  are  usually  found  on  the 
last  antennal  segment  (Figs.  17-19),  and  in 
some  species  they  are  concealed  within  a 
concavity  at  the  tip  of  the  segment  (Figs. 
15,  16).  Occasionally  the  hairs  may  be 
absent  (or  rubbed  off),  but  the  extremely 
fine  punctation  may  indicate  the  presence 
of  a  glandular  area  ( Fig.  22 ) . 

Measurements.  The  total  length  is  the 
maximum  length  as  measured  from  above 
(tips  of  elytra  to  the  most  anterior  point 
of  the  clypeus ) .  EL  and  E\\^  refer  to  great- 
est elytral  length  and  greatest  elytral  width, 
respectively. 

CLASSIFICATION  OF  MYRMECOPHILES 

The  placement  of  myrmecophiles  in  a 
system  of  classification  has  always  pre- 
sented a  problem  to  taxonomists  because  of 
the  development  in  these  fonns  of  special 
adaptations  associated  with  inquilinous 
habits.  In  some  groups  normally  consena- 
tive  characters,  such  as  the  number  or 
shape  of  antennal  segments,  may  be  highly 
variable,  while  in  others  entirely  new  struc- 
tures, such  as  trichomes,  may  be  present. 
It  is  not  surprising  that  a  number  of  these 
species  have  been  placed  in  separate  fam- 
ilies until  more  careful  studies  have  clarified 
their  relationships.  A  few  of  the  many 
beetle  families  originally  proposed  for 
the  inclusion  of  inquilines  but  no  longer 
recognized  are  the  Pseudomorphidae 
( Carabidae ) ,  Clavigeridae  ( Pselaphidae ) , 
Rhysopaussidae  (Tenebrionidae),  and  Cos- 
syphodidae  ( Tenebrionidae ) . 

During  the  last  hundred  years  there  has 
been  considerable  difference  of  opinion  as 
to  the  placement  of  the  myrmecophilous 
ptinids  within  the  higher  classification  of 
the  Coleoptera.  Although  Westwood 
(1855)  considered  Gnostits  to  be  related  to 
the  Xylophaga  of  Latreille,  later  workers 
placed  it  near  the  Paussidae,  Pselaphidae, 
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or  Scydmaenidae;  the  taxonomic  history  of 
the  genus  is  discussed  by  Lawrence  and 
Reichardt  (1966a).  Pascoe  (1866)  com- 
pared his  genus  EctrcpJies  with  Gnostus 
and  the  Paussidae.  Gemminger  and  Harold 
(1869)  proposed  the  family  Gnostidae  to 
include  both  Gnostus  and  Ectrephes,  while 
W'asmann  ( 1894 )  proposed  the  family 
Ectrephidae  for  Ectrephes  and  \\'estwood's 
two  genera  Diplocotcs  and  Polyplocotcs. 
Sharp  and  Muir  (1912)  noted  the  similar- 
ities between  Pohjplocotes  and  Ptinus  with 
respect  to  the  basal  connection  of  the  lateral 
and  median  lobes  of  the  aedeagus.  In  1916, 
both  ^^'asmann  and  Mjoberg  treated  the 
ectrephines  as  members  of  the  Ptinidae. 
Forbes  ( 1926 )  pointed  out  the  relationship 
of  Gnosius  to  the  ptinids  on  the  basis  of 
wing  venation,  but  the  complete  absence  of 
wings  in  the  ectrephines  made  a  similar 
comparison  impossible.  Our  studies  defi- 
nitely confirm  the  inclusion  of  this  group 
within  the  Ptinidae.  Diplocotcs  familiaris 
(Olhff ),  one  of  the  least  speciaUzed  of  the 
Australian  species,  differs  little  from  other 
wingless  ptinids,  and  a  gradation  can  be 
seen  from  D.  familiaris  to  the  highly  mod- 
ified forms  discussed  below.  The  aedeagi 
of  D.  familiaris  (Fig.  2.3),  D.  laticornis 
( Lea )  ( Fig.  24 ),  and  Ectrephes  formicarum 
Pascoe  (Fig.  25)  all  have  the  same  basic 
structure  found  in  Gnostus  and  Fabrasia 
(Lawrence  and  Reichardt,  1966a)  and  in 
various  other  ptinids  (Hinton,  1941). 

\\'ithin  the  Ptinidae,  the  classification  of 
these  myrmecophilous  species  presents  a 
problem,  owing  to  the  present  need  for  a 
complete  revision  of  the  family.  Two  sub- 
groups, the  Gibbiinae  and  the  Ptininae, 
are  usually  recognized.  In  the  former,  the 
elytra  are  laterally  compressed  and  partly 
enclose  the  reduced  abdomen;  the  group 
includes  Gibbium,  Mcziuni,  Damarus,  and 
a  few  other  genera,  the  species  of  which 
are  most  abundant  in  South  Africa.  The 
remainder  of  the  ptinids  are  usually  in- 
cluded in  the  Ptininae,  which  contains  a 
diverse  assemblage  of  fonns. 

The  inclusion  of  \arious  m)rmecophilous 


species  in  the  family  has  led  to  the  proposal 
of  several  more  subfamilies.  The  genus 
Ectrephes  Pascoe,  along  with  Westwood's 
genera  Diplocotcs  and  Polyplocotcs  and 
Olliffs  Enasiba  and  Diphobia,  was  placed 
in  the  Ectrephinae,  while  Gnostus  was 
placed  in  the  Gnostinae.  Mjoberg  (1916) 
di\ided  the  ectrephines  into  three  sub- 
families: Polyplocotinae,  containing  most 
of  the  species;  Paussoptininae,  for  those 
species  with  flattened  antennal  segments; 
and  Ectrephinae,  including  those  species 
originally  placed  in  Ectrephes.  He  placed 
Diphobia  and  the  South  African  genus 
Diplocotidus  Peringuey  in  the  subfamily 
Ptininae,  because  of  the  lack  of  antennal 
modifications.  Martinez  and  Viana  (1965) 
proposed  the  name  Fabrasiinae  for  the 
genus  Fabrasia,  and  Costa  Lima  (1962) 
placed  his  genus  Plaumanniola  in  the 
Plaumanniolinae.  The  latter  genus  was 
found  to  belong  to  the  family  Scydmae- 
nidae (Lawrence  and  Reichardt,  1966b). 

We  are  of  the  opinion  that  there  are  at 
least  five  independent  stocks  of  myrme- 
cophilous ptinids:  Gnostus,  Fabrasia,  Dip- 
locotidus, Myrmecoptinus,  and  the  ectre- 
phines. The  last  group  may  be  divided  into 
two  subgroups  (see  below),  but  their 
derivation  from  a  single  ancestor  is  indi- 
cated by  the  numerous  parallelisms  dis- 
played by  the  two.  Myrmecoptinus  differs 
only  slightly  from  the  ptinines  and  could 
hardly  be  placed  in  a  separate  subfamily. 
Gnostus  and  Fabrasia,  on  the  other  hand, 
are  (juite  distinct,  although  they  are  deriv- 
able from  some  of  the  more  elongate  and 
parallel-sided  winged  Ptininae.  Diploco- 
tidus is  also  a  very  distinct  form  and  might 
well  be  placed  in  a  separate  subfamily,  for 
which  a  new  name  would  be  required.  The 
Ectrephinae  are  linked  with  the  Ptininae 
by  forms  like  D.  familiaris,  and  the  only 
character  which  could  be  used  to  distin- 
guish the  two  groups  is  the  form  of  the 
clypeus,  which  is  elongate  and  tumid  or 
cleft  in  Diplocotcs  and  its  relatives.  If  sub- 
families or  tribes  are  recognized,  then,  four 
would  be  required:     one  for  each  of  the 
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Neotropical  groups,  one  for  the  South 
African  Diplocotidtis,  and  one  for  the  Aus- 
trahan  ectrephines. 

The  second  problem  is  whether  or  not 
these  myrmecophilous  forms  are  different 
enough  from  other  ptinids  to  be  placed  in 
separate  groups  and  what  rank  to  assign  to 
these  groups.  \\'ithin  the  large  subfamily 
Ptininae,  there  are  several  other  clusters  of 
genera  which  are  just  as  distinct,  or  more 
so,  if  one  disregards  the  special  adaptations 
of  myrmecophiles.  These  include:  Dieij^oiis 
and  Xylodes  from  Mauritius;  Casopus  and 
its  relatives  from  the  Canary  Islands;  CijJin- 
d  I  opt  inns  and  its  relatixes  from  Southeast 
Asia;  iSiptus  and  its  allies;  SpJwericus;  and 
Tri(ionop,cniiis.  Until  a  thorough  study  is 
made  of  the  generic  classification  in  the 
family  Ptinidae,  we  think  it  serves  no  useful 
purpose  to  place  the  incjuilinous  species  in 
separate  subfamilies  or  tribes. 

THE   AUSTRALIAN   ECTREPHINES 

The  35  described  species  of  myrmeco- 
philous ptinids  inhabiting  Australia  are 
generally  placed  within  14  genera,  which 
are  characterized  mainh-  on  the  basis  of 
antennal  segmentation.  Diphobio  Olliff 
contains  species  with  relatively  simple,  11- 
segmented  antennae  ( Fig.  21 ) .  Those 
species  in  which  the  penultimate  antennal 
segment  is  enlarged  (Figs.  17,  18)  are 
placed  in  three  genera  according  to  the 
total  number  of  antennal  segments:  Dip- 
locotes  Westwood  (11),  Decemplocotcs 
Mjoberg  ( 10 ) ,  and  Poh/pJocotes  Westwood 
(9).  In  the  monotypic  Hexoplocotes  Lea, 
the  antennae  are  6-segmented  and  the  last 
two  segments  are  enlarged  and  flattened 
(Fig.  22).  In  several  species  the  antennal 
segments  are  strongly  compressed  and  may 
be  partially  or  completely  fused  to  form  a 
club  (Figs.  19,  20);  these  fonns  have  been 
placed  in  Fau.ssoptinus  Lea  (10  segments; 
see  p.  9).  Lcaptinus  Mjoberg  (10  seg- 
ments), Paussoceros  Mjoberg  (9  segments), 
Pseudectrephes  Pic  (7  segments),  Monec- 
trephes  Mjoberg  (3  segments;  see  p.  10), 
and  Mescctrephes  Mjoberg  (3  segments). 


In  Ectrc))Jics  Pascoe  the  antennae  are  3- 
segmented  and  the  last  segment  forms  a 
solid,  cylindrical  club  (Fig.  15),  while  in 
Bitrcphcs  Oke  they  are  2-segmented  and 
the  terminal  segment  is  somewhat  wedge- 
shaped  (Fig.  35).  Finally,  in  the  genus 
Encisiha  Olliff  the  antennal  segments  are 
peculiarly  shaped,  as  in  Figure  16,  and  the 
pronotum  is  elongate,  with  four  trichomes. 
\\'e  feel  that  the  above  classification  is 
unnatural  for  several  reasons.  First,  any 
classification  which  relies  so  heavily  on  a 
single  character  complex  is  suspect.  Fur- 
thermore, the  particular  characters  used  are 
highly  variable  vvithin  the  group  and  are 
associated  with  a  narrow  specialization; 
thus  they  would  have  a  low  taxonomic 
weight  according  to  the  tenets  originally 
proposed  by  Darwin.  The  adaptive  nature 
of  the  antennal  modifications  becomes 
obvious  if  one  considers  the  numerous  cases 
of  convergence  with  respect  to  these  charac- 
ters in  unrelated  myrmecophilous  groups. 
The  short,  stump-like  antenna  of  Ecirephcs 
formicarum  (Fig.  15),  for  instance,  is  ver\' 
similar  to  that  of  Gnosius,  and  the  same 
type  of  antenna  mav  be  found  in  several 
unrelated  m}rmecophiles,  such  as  Euclarkia 
(  Colydiidae ) ,  Trochoideus  ( Endomychi- 
dae),  Fustiger  (Pselaphidae),  and  Poussus 
(Paussidae).  Another  objection  is  the  lack 
of  correlation  of  antennal  characters  with 
other  features;  Diplocotcs  armicoUis,  Paus- 
soptinus  laticomis,  and  Mesectrephes  kingi, 
for  instance,  have  very  different  antennal 
tvpes  and  yet  are  similar  with  respect  to 
the  pronotum  and  clypeus.  A  further  criti- 
cism may  be  made  of  the  use  of  meristic 
characters  ( number  of  antennal  segments ) , 
which  should  be  given  low  weight  for 
obvious  reasons.  The  independent  loss  or 
fusion  of  antennal  segments  has  been 
demonstrated  in  a  number  of  beetle  groups 
(Chapin,  1965,  for  the  Coccinellidae;  Law- 
rence, 1967,  for  the  Ciidae),  and  extreme 
parallel  reductions  in  myrmecophilous 
beetles  have  been  discussed  by  Darlington 
(1950)  for  the  Paussidae  and  Park  (1942) 
for  the  Pselaphidae. 
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In  an  attempt  to  find  other  characters  to 
use  in  classifying  these  AustraHan  species, 
a  study  \\as  made  of  the  clypeal  region. 
This  structure  had  been  ignored  in  the  past 
because  most  of  the  specimens  were  glued 
to  cards.  In  most  Ptinidae  the  clypeus  is 
broadly  triangular  and  somewhat  flattened, 
and  the  labrum  is  small  and  transverse 
(Fig.  2).  \\'ith  the  exception  of  Myrmc- 
coptinus  hiittcli,  all  of  the  myrmecophilous 
species  have  the  clypeus  somewhat  mod- 
ified. The  Australian  forms  fall  into  two 
distinct  groups  on  the  basis  of  clypeal 
structure.  In  the  first  group  (Figs.  1,  4,  7, 
S),  the  clypeus  is  slightly  to  strongly  tumid 
and  subtriangular,  with  the  median  portion, 
at  least,  distinctly  punctate.  In  the  second 
group  (Figs.  5,  6,  9,  10),  the  clypeus  is 
elevated,  flattened,  and  deeply  cleft  at  the 
apex,  forming  a  U-shaped  clypeal  plate, 
which  is  impunctate  and  shiny.  The  species 
included  in  each  group  are  given  below 
according  to  their  present  generic  assign- 
ments: 

Group  I:  Diphohia  familiari.s,  D.  fovcafa, 
D.  infricota,  D.  Ion<iicornis,  D.  mefaUica, 
D.  mynnecoplula,  Diplocotcs  onnicolU.s,  D. 
foveicoUis,  D.  liowitfaniis,  D.  miniita,  De- 
cemplocotes  brevipennis*  D.  strigicoJUs, 
Pohjplocotcs  apicalis,  P.  carinaticeps,  P. 
pilosus,'^  P.  similis,  Paus.soptinus  laticornis, 
Mcscctrcphcs  kingi,  and  Bitrcphcs  cunci- 
f  or  mis. 

Group  II:  Pohjplocotes  castaneus,  P. 
Ionp,icoUis,  P.  lon<gipes,  P.  nitidiis,  P.  ovi- 
pennis,  P.  pcrforafus,  P.  scobricoUis,'^'- 
Hexaplocotcs  .sulcifrons,  Lcaptiniis  doliclw- 
finatluis,  Paussoceros  antcnnalis*  P.  ere- 
mastoga.stri,  Pseudectrephes  elavatiis,'^- 
Monectrephes  paseoei,  Eetrcphes  formi- 
cariim,  Enasiba  tristis,  and  E.  microeero. 

The  types  of  those  species  marked  with 
an  asterisk  have  not  been  examined,  but  in 
every  case  the  descriptions,  illustrations,  or 
comparisons  with  known  species  have  been 
sufficient  to  place  the  species  with  a  reason- 
able degree  of  certainty  in  one  group  or  the 
other. 

Since  the  first  type  of  clypeus  is  the  most 


easily  derivable  from  that  occurring  in  most 
Ptinidae  and  since  the  simplest  type  of 
antenna  also  occurs  in  the  first  group,  it  is 
reasonable  to  assume  that  this  clypeal  type 
is  primitive.  The  joint  possession  of  a 
relatively  complex  and  derived  clypeus  by 
members  of  group  II  and  the  occurrence 
within  each  group  of  characteristic  antennal 
and  pronotal  types  present  strong  evidence 
that  the  division  is  a  natural  one.  The 
parallel  development  of  certain  antennal 
modifications  in  the  two  groups  is  not 
surprising  for  myrmecophiles  and  would 
tend  to  support  the  ultimate  derivation  of 
both  stocks  from  a  common  ancestor. 

Within  group  I,  it  is  difficult  to  segregate 
the  species  further  without  using  too  many 
generic  names.  If  the  antennae  are  used, 
five  genera  might  be  recognized,  when 
meristic  differences  are  ignored  in  the 
group  characterized  by  having  an  enlarged 
penultimate  antennal  segment.  In  the  struc- 
ture of  the  prothorax,  D.  armieollis,  P.  kiti- 
eornis,  P.  eorinaticeps,  M.  kingi,  and  B. 
cunciformis  are  similar  (Figs.  30  and  35), 
but  D.  foveieoUis  is  intermediate  in  this 
respect  between  these  species  and  the 
remainder  of  group  I.  The  clypeus  of  P. 
eariimticeps  (Fig.  7)  is  unique  in  that  it 
forms  a  narrow,  median  ridge,  but  that  of 
M.  kingi  (Fig.  8)  might  well  represent  an 
intermediate  condition.  We  think  the  most 
practical  solution  would  be  to  consider  all 
of  the  species  in  group  I  as  belonging  to  a 
single  genus,  the  oldest  name  for  which  is 
Diploeotes  W^estwood. 

Within  group  II,  there  are  at  least  three 
distinct  subgroups.  The  genus  Enasiba  is 
readily  distinguishable  on  the  basis  of 
pronotal  and  antennal  structure  (Fig.  16). 
Eetrephes  formieariim,  Monectrephes  pas- 
eoei,  and  Pseudectrephes  clavatus  may  be 
united  on  the  basis  of  pronotal  structure; 
the  pronotum  has  sharp  lateral  edges  and 
the  trichomes  are  lateral  and  similar  in  form 
( Fig.  28 ) .  EetrepJies  is  the  oldest  name  for 
this  genus.  The  remaining  species  do  not 
\'ary  considerably  \\'ith  respect  to  pronotal 
and    antennal    characters    and    are    all    in- 
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eluded  in  the  genus  Pohjplocotes  West- 
wood. 

Although  the  generic  classification  pre- 
sented here  represents  an  improvement  over 
the  older  classification,  further  modification        ^■ 
may  still  be  needed.    When  more  species 
or  character  complexes  are  studied,  it  may 

be  necessary  to  further  sulodivide  the  gen-      

era.  A  key  to  the  genera  and  species  of 
ectrephines  is  included  below,  followed  by 
a  brief  discussion   of  each  genus   as   it  is 

here  delimited.    A  resume  of  the  proposed     

classification,    with    generic    and    specific      10. 
synonymies,  is  given  in  a  later  section. 

Key  to  the  Genera   and  Species 

of  Myrmecophilous   Ptinidae  — 

Occurring   in  Australia 

1.  Clypeus  usually  subtriangular  (Figs.  1, 
4),  slightly  to  strongly  tumid,  occasionally 
elexatfd,  forming  a  narrow,  median  ridge 

(Figs.    7,    8)     (genus    Diplocotes    West-  H- 

wood )     2 

—  Chpeus  elevated,  flattened,  and  deeply 
cleft  at  apex,  forming  a  U-shaped  clypeal 
plate  (Figs.  5,  6,  9,  10)  _.. 20 

2.  Antennae  11-segmented  3 

—  Antennae  with  less  than  11  segments  12 

3.  Antennal  segment  10  not  enlarged,  shorter 
than  segment  11   (Fig.  21)  4 

—  Antennal  segment  10  enlarged,  longer 
than  segment  11  and  usually  as  long  as 
segments  8  and  9  combined  ( Fig.  17 )  9 

4.  Antennal  segment  11   very  long,  as  long 

as  segments  8  to  10  combined  

D.  longicornis  (  Lea ) 

—  Antennal  segment  11  not  as  long  as  seg- 
ments 8  to  10  combined  5 

5.  Pronotum  without  basolateral  trichomes, 
occasionally  with  weak  lateral  foveae  6 

—  Pronotum  with  distinct  basolateral  tri- 
chomes and  deep  lateral  foveae 7 

6.  Elytra  shorter  and  broader,  EL/EW  less  — 
than    1.25,    dark   metallic   blue   in    color, 

the  punctation  not  distinctly  seriate,  each 
puncture  rounded  and  bearing  a  relati\'ely 
long,  subercct  hair D.  mciallicus  (Lea)       17. 

—  Elytra     longer     and     narrower,     EL/EW 

more  than   1.2.5,  reddish  brown  in  color,  — 

the    punctation     distinctly    seriate,     each  18. 

puncture    elongate    and    bearing    a    very 

short,  decumbent  hair  __. 

D.  myrmecophilus  ( Lea  )       — 

7.  Antennal  segments  6-10  shorter  than 
broad,  compressed,  each  segment  bearing 


12. 

13. 

14. 

15. 
16. 


at  tlu'  apex  4  brushes  of  yellow  hairs  

D.  intricatus  (Lea) 

Antennal  segments  6-10  as  long  as  or 
longer  than  broad,  not  compressed,   and 

without  brushes  of  yellow  hairs  8 

Elytral  punctures  very  small  and  shallow, 
scarcely  visible  under  lower  magnifica- 
tion;  pronotum  without  basomesal   fovea 

D.  familiaris  (Olliff) 

Elytral  punctures  larger  and  more  deeply 
impressed;     pronotum     with     basomesal 

fovea  D.  foveatus  (Lea) 

Pronotum    expanded    apically   forming    2 

lateral  projections  _..   10 

Pronotum  without  apicolateral  projections      11 
Pronotum  about  as  long  as  wide  at  base, 
apicolateral    projection     consisting    of    a 
sharp    tooth;     cKtral    punctures    bearing 

very  short,  decumbent  hairs  

D.  armicollis  Lea 

Pronotum  more  than  1.25  X  as  long  as 
wide  at  base,  apicolateral  projection  con- 
sisting of  a  rounded  process  bearing 
several  small  tubercles;  elytral  punctures 
bearing  relatively  long,  suberect  hairs 

- D.  foveicoUis  Olliff 

Total  length  more  than  1.50  mm;  basal 
impression  of  pronotum  not  expanded  in 

middle D.  howittanus  Westwood 

Total  length  less  than  1.25  mm;  basal 
impression  of  pronotum  slightly  expanded 

in  middle  forming  a  shallow  fovea  

D.  minutus  Oke 

Antennae  10-segmented  13 

Antennae  with  less  than  10  segments  15 

Antennal  segments  2^10  strongly  com- 
pressed (Fig.  19)  D.  laticornis  (Lea) 

Antennal  segments  2-10  not  compressed  ^  14 

Pronotum  with  basolateral  trichomes  

D.  hrevipennis  (Pic) 

Pronotum  without  basolateral  trichomes  .. 

D.  strigicollis  Lea 

Antennae  9-segmented  16 

Antennae  with  less  than  9  segments  19 

Clypeus  elevated  in  middle,  forming  a 
narrow  ridge  (  Fig.  7 ) ;  pronotum  shorter 
than  wide  at  base,  with  apicolateral  teeth 

D.  carinaticeps  ( Oke ) 

Clypeus  somewhat  tumid,  but  not  fonu- 
ing  a  narrow  ridge  (Fig.  8);  pronotum 
more   than   1.20    X    as   long   as   wide   at 

base,  without  apicolateral  teeth  17 

Antennal  segment  9  longer  than  8  

D.  apicalis  ( Oke ) 

Antennal  segment  8  longer  than  9  18 

Total  length  less  than  2.50  mm;  elytral 
punctures  bearing  very  short,  decumbent 

hairs  D.  similis  (Oke) 

Total  length  more  than  2.50  mm;  elytral 
punctures  bearing  relatively  long,  sub- 
erect  hairs D.  pilosus  (Mjoberg) 
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19.  Antennae  with  3  segments,  the  last  seg- 
ment strongly  compressed  

D.  kingi  ( Westvvood ) 

—  Antennae  with  2  segments,  the  last  seg- 
ment wedge-shaped  (Fig.  35)   

D.  cuneifarmis  ( Oke ) 

20.  Pronotum  with  a  narrow,  median,  longi- 
tudinal groo\e,  and  with  2  lateral  and  2 
mesal  trichomes  w  ithin  a  trans\  erse  basal 
impression;  antennal  segments  2  and  3 
broadly  joined,  segments  .3-5  somewhat 
triangular  or  wedge-shaped  with  the  base 
broader  than  the  apex,  and  segments 
6-10  somewhat  compressed  (Fig.  16) 
(genus  Enasiha  Olliff)  21 

—  Pronotum  without  a  median,  longitudinal 
groove,   without   trichomes   or  with   only 

2  lateral  ones  22 

21.  Head,  pronotum,  and  bases  of  elytra 
bearing  short,  stout  bristles,  which  are 
less  than  3  X  as  long  as  wide;  remainder 
of  elytra  bearing  ver>'  short  and  fine 
hairs,  which  are  barely  visible  under 
lower  magnification;  antennal  segments 
3-5  only  slightly  broader  at  base  than  at 
apex  £.  microcera  Clark 

—  Head,  pronotum,  and  elytra  bearing 
longer  and  finer  bristles,  which  are  about 
8  X  as  long  as  wide;  antennal  segments 
3-5  much  broader  at  base  than  at  apex  .... 
£.   tristis  Olliff 

22.  Pronotum  without  lateral  margins   (Figs. 

33,  34 )   ( genus  Pohjplocotes  W'estwood )  ._  23 

—  Pronotum  with  sharp  lateral  margins 
(Fig.  28)   (genus  Ectrephes  Pascoe)  33 

23.  Antennae  10-segmented,  segments  .3-10 
compressed  P.  dolichognathus  (Lea) 

—  Antennae  with  less  than  10  segments  24 

24.  Antennae  6-segmented,  with  the  last  2 
segments  enlarged  and  compressed  ( Fig. 
22)  P.  sulcijrom  (Lea) 

—  Antennae  9-segmented  25 

25.  Antennal  segments  3-9  compressed  26 

—  Antennal  segments  8  and  9  or  none  of 
them   compressed   27 

26.  Total  length  more  than  2.50  mm;  9th 
antennal  segment  buried  within  the  apex 

of  the  8th P.  anicnnalis  (  Mjoberg  ) 

—  Total  length  less  than  2.50  mm;  9th  an- 
tennal segment  not  buried  within  the 
apex  of  8th P.  crenui.sioga.siri  (Lea) 

27.  Pronotum  without  basolateral  trichomes 
or  a  basal  impression;  mesal  portion  of 
pronotal  disc  strigose  (Fig.  .33);  chpeal 
plate  with  a  lateral  perforation  beneath  it 
P.  perforatu.s-  Lea 

—  Pronotum  with  basolateral  trichomes;  if 
basal  impression  absent,  then  mesal  por- 
tion of  pronotal  disc  not  strigose;  clypeus 
without  perforation  28 


28.  Pronotum  w  ithout  basal  impression;  mesal 
portion  of  pronotal  disc  not  longitudinally 
strigose  P.  nitidus  Westwood 

—  Pronotum  with  basal  impression;  mesal 
portion  of  pronotal  disc  longitudinally 
strigose,  at  least  basally  (Fig.  34)  29 

29.  Antennal  segment  3  almost  3  X   as  long 

as  wide  P.  longipes  Lea 

—  Antennal  segment  3  not  more  than  1.50 

X  as  long  as  wide 30 

30.  Highest  portion  of  pronotal  disc  very 
finely  and  sparsely  punctate  and  shiny; 
anterior  edge  of  pronotum  with  a  trans- 
verse row  of  deep  punctures  ( Fig.  .34 )  .— 
P.  longicolU.s-  \\'estwood 

—  Highest  portion  of  pronotal  disc  more 
coarsely  and  densely  punctate,  granulate, 
or  strigose,  not  shiny;  anterior  edge  of 
pronotum  without  row  of  deep  punctures  ..  31 

31.  Ehtral    punctation    dual,    with    series    of 

smaller  and  larger  pimctures  

P.  castaneus  Lea 

—  Elytral  punctation  not  dual  32 

32.  Antennal  segments  4-7  slightly  com- 
pressed, segment  8  distinctly  compressed; 
total  length  2.25  mm;  Northern  Territory 
P.  scabricollis  Lea 

—  Antennal  segments  4-7  monilifomi,  seg- 
ment   8   only    slightly    compressed;    total 

length  3  mm;  South  Australia  

P.  ovipennis  Lea 

.33.  Pronotum  without  median  fovea  near  the 
base  (Fig.  28);  antennae  3-segmented, 
the  last  segment  forming  a  solid,  cylin- 
drical club  without  any  trace  of  sutures 
( Fig.  15 )  E.  formicarum  Pascoe 

—  Pronotum  with  median  fovea  near  the 
base;  antennae  7-segmented,  or  3-seg- 
mented with  the  last  segment  flattened 
(Fig.  20)  34 

34.  Antennae  7-segmented,  the  last  5  seg- 
ments not  fused  togetlier  _.  E.  chtatus  Mjoberg 

—  Antennae  3-se,gmented  with  the  club  flat- 
tened and  apparently  consisting  of  5  fused 
segments  (Fig.  20)  E.  pascoei  Westwood 

Notes  on  the  Genera 

Diphcotcs. — In  most  of  the  species,  the 
clypeus  is  simple  and  only  slightK'  convex 
(Fig.  1),  but  in  others  it  is  more  tumid  and 
may  have  a  short  carina  above  ( Fig.  4 ) .  In 
kingi  ( Fig.  8 )  it  is  somewhat  constricted  in 
the  middle,  and  in  carinaticeps  (Fig.  7)  a 
narrow,  median  ridge  is  formed. 

The  antennae  may  have  from  two  to 
eleven  segments.  The  simplest  or  least 
modified  type  of  antenna  occurs  in  fa  mil- 
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iaris  (Fig.  21);  there  are  11  segments,  most  fovea  and  trichomes  are  quite  distinct.    In 

of  which  are  longer  than  wide,  and  the  last  several  species  {brevipennis,  armicoUis,  lati- 

segment  is  not  modified  at  the   apex.    In  corni.s,kingi,  cuncifonni.s,iind  carinaticeps), 

foveatus,  longicomis,  mctaUicus,  and  imjr-  die  pronotum  is  short  and  broad,  \\ith  sharp 

mecophilus,  the  antennae  are  also  11-seg-  anterior  teeth,  a  median  fovea,  and  distinct 

mented,  but  the  segments  tend  to  be  shorter  trichomes   that  are   comiected  w  ith  longi- 

and  the  last  segment  is  truncate  and  pubes-  tudinal  grooves  on  the  disc  ( Figs.  30  and 

cent  at  the  apex.    In  longicomis  the   last  35).   D.  foveicoUis  has  a  similar  pronotum, 

segment  is  \er\'  long,  and  in  intiicatus  most  but  it  is  not  as  short  and  broad,  and  the 

of  tlie  segments  are  transverse  and  several  anterior  teeth  are  replaced  by  tuberculate 

have  apical  pubescence.    In  several  other  processes. 

species,    the    penultimate    segment   is    en-         The  elytra  in  almost  all  of  the  species  are 

larged   and  longer  than   the   last   segment  bulbous    and    strongly    convex,   but   in   D. 

(Fig.   17);   these  forms  may  have   11-seg-  myrmccophilus    they    are    somewhat    flat- 

mented  (armicoUis,  fovcicollis,  howittanus,  tened.  In  some  species  there  may  be  several 

and    minutus),    10-segmented    [sirigicoUis  distinct  pits  at  the  bases  of  the  elytra,  but 

and  brevipennis),  or  9-segmented  (similis,  these  are  absent  in  foveicollis,  armicoUis, 

apicaUs,  pUosiis,  and  carinaticeps)   anten-  laticornis,  kingi,  ciineiformis,  and  carinati- 

nae.  In  kingi  the  antennae  are  3-segmented,  ceps. 

and    the    last    segment    is    enlarged    and  Folijplocotes. — The   clypeal   structure   in 

strongly   flattened,    \\'hile    ciineiformis   has  this  genus  does  not  vary  considerably,  but 

2-segmented  antennae  with  the  second  seg-  the   shape   of   the   clypeal   plate    and   the 

ment  wedge-shaped  (Fig.  35).  D.  laticornis  extent  of  the  apical  cleft  differ  among  the 

presents  a  problem,  since  there  has  been  species.    In  P.  poforatiis  there  is  a  lateral 

some  confusion  concerning  the  number  of  perforation  beneath  the  clypeal  plate, 
segments   in   the  antenna.    There   are   ap-  The   antennae  are  less  xariable  than  in 

parently  10  segments,  and  the  last  nine  are  Diplocotes,  and  in  most  of  the  species  they 

strongly     flattened     (Fig.     19).      Mjoberg  are  9-segmented  with  the  penultimate  seg- 

(1916)   states  that  there  are  11  segments  ment  enlarged   (Fig.   18).    In  P.  longipes 

and  that  segment  2  is  greatly  reduced,  as  most  of  the  antennal  segments  are  elongate, 

in  some  species  of  Paussidae  (see  Darling-  but  in  longicoUis,  nitidus  and  several  others 

ton,  1950).    After  examining  carefully  the  they  are  more  robust  and  the  last  two  are 

antenna  of  this  species,  we  cannot  agree  somewhat  flattened.    The  antennae  of  sid- 

with  Mjoberg  on  this  matter;  the  apparent  cifrons  ( Fig.  22 )  are  very  similar,  but  there 

second  segment  is   actually  a  condyle   at-  are  only  six  segments.  InP.  dolichognatJius, 

tached  to  the  real  segment  2.    It  is  more  P.  antennalis,  and  P.  cremastogastri  most 

probable   that   reduction   of   segments   has  of  the  antennal  segments  are  flattened,  as 

taken  place  at  the  apex  of  the  antenna.  in  Diplocotes  laticornis   (Fig.   19);  in  the 

The  simplest  t\pe   of  pronotum  in   this  first  species  the  antennae  are  10-segmented, 

genus  also  occurs  in  familiaris  (Fig.  32);  while  antennalis  and  cremastogastri  have 

a  transverse,   basal   impression  is   present,  9-segmented  antennae. 

anterolateral  teeth  and  a  median  fovea  are  Most  of  the  species  have  a  simple  type 

absent,  and  trichomes  are  small  and  indis-  of  pronotum  with  a  weak  basal  impression 

tinct.   Other  species  may  have  various  com-  and    small    trichomes    usually    not    visible 

binations  of  the  above  characters;  D.  5fn'g/-  from   above    (Fig.   34).     In   P.   perforatiis 

collis,  for  instance,  has  sharp  anterolateral  (Fig.   33)    the  basal  impression   is   absent 

teetli  on  the  pronotum  but  lacks  a  median  and  the  pronotum  is  narrowed  anteriorly; 

fovea  and  trichomes,  while  in  D.  longicomis  basolateral  trichomes  are  absent,  but  there 

(Fig.   31)    the   teeth  are   lacking,  but  the  are  tufts  of  yellow  hairs  along  the  anterior 
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edge  of  the  pronotiim  that  may  represent 
lateral  trichomes  that  haxe  been  displaced. 

Ectrcphcs. — The  species  in  this  genus 
fall  into  two  groups:  E.  formicanim  with  a 
simple  pronotal  disc  (Fig.  28)  and  the 
terminal  segment  of  the  3-segmented  an- 
tenna forming  a  solid,  cylindrical  club 
( Fig.  15 ) ,  and  the  other  two  species  ( pas- 
coei  and  clavatiis)  with  a  foveate  pronotum 
and  the  distal  antennal  segments  strongly 
flattened  and  variously  fused  so  that  the 
total  number  of  segments  is  three  ( Fig.  20 ) 
or  seven.  It  is  interesting  that  these  species 
and  also  D.  kin^i  and  D.  cuneifonnis  have 
the  tibiae  enlarged  and  angulate  proxi- 
mal ly. 

In  the  past  there  has  been  some  con- 
fusion concerning  the  names  Ectrephes  and 
M  one  ct  re  plies.  Mjoberg  (1916)  divided 
Ectreplies  into  three  genera:  the  original 
genus  Ectrephes  with  its  type  E.  fonni- 
carinn  Pascoe,  Mesectrephes  for  E.  kin^ii 
Westwood,  and  Monectrephes  for  E.  pas- 
coei  Westwood.  He  also  described  another 
species,  E.  clavatiis,  \\'hich  he  referred  to 
Monectrephes.  Then  in  discussions  of  the 
various  genera  he  continually  transposed 
the  names.  He  mentions  that  Ectrephes  is 
the  least  differentiated,  having  the  last 
segments  of  the  antennae  more  or  less 
joined  together  and  the  penultimate  seg- 
ment excavated  at  the  apex  and  receiving 
the  last  (this  is  a  description  of  E.  pascoei, 
not  E.  formicanim) .  He  then  states  that  in 
Monectrephes  there  are  only  three  joints, 
the  last  one  being  very  long  and  fonning 
a  solid  club  (this  refers  to  E.  formicanim) . 
This  type  of  transposition  occurs  in  several 
other  places,  including  the  key  to  the 
genera.  Because  of  this,  later  authors  (Lea, 
1917;  Pic,  1929)  synonymized  Monectrephes 
with  Ectrephes,  assuming  that  both  were 
based  on  the  same  species,  E.  formicarum. 
In  Mjoberg's  first  discussion  of  the  genera, 
however,  £.  formicarum  was  referred  to  as 
the  type  of  Ectrephes  and  E.  pascoei  was 
definitely  placed  in  Monectrephes.  The 
latter  species  is  designated  as  type  of 
Monectrephes  in  the  catalogue  below.   We 


think  that  Mjoberg  had  not  misidentified 
the  species  bvit  had  merely  transposed  the 
names.  If  this  hypothesis  is  acceptable, 
then  Ectrephes  and  Monectrephes  are 
based  on  different  species  and  are  not 
objective  synonyms,  although  they  are 
here  considered  to  be  subjective  synonyms. 

ORIGIN  AND  EVOLUTION  OF 
MYRMECOPHILY  IN  THE   PTINIDAE 

Habitats  and   Food   Habits 

Most  ptinid  beetles  are  scavengers,  and 
they  are  known  to  feed  on  a  wide  variety 
of  animal  and  plant  substances.  The  major 
kinds  of  habitats  from  which  ptinids  have 
been  recorded  are:  (1)  under  bark  and  in 
decomposing  wood,  (2)  in  caves,  (3)  in  the 
nests  of  birds  and  mammals,  (4)  in  the 
nests  of  other  insects,  and  (5)  in  association 
with  various  stored  products  of  man.  Be- 
cause of  the  economic  importance  of  these 
beetles,  there  have  been  several  attempts 
to  summarize  the  infonuation  pertaining  to 
their  biology;  most  of  the  following  discus- 
sion is  based  on  papers  of  Hinton  (1941), 
Linsley  (1944),  and  Howe  (1959),  all  of 
which  contain  extensive  bibliographies. 

In  Europe,  Ptiniis  siihpilosiis  Sturm,  P. 
palliatiis  Ferris,  and  P.  licheniim  Marsham 
are  commonly  collected  under  bark  and  in 
decaying  wood.  According  to  Crowson 
( 1962 ) ,  P.  siibpilosus  occurs  chiefly  on  old, 
mossy,  partly  dead  oaks  in  Scotland,  and 
the  larvae  have  been  found  in  decaying  oak 
wood.  The  larva  of  P.  Uchenum  has  been 
reported  to  bore  into  dry  fig  wood  ( Howe, 
1959),  but  no  ptinid  is  known  to  utilize 
wood  as  food.  Reitter  ( 1911 )  records  P. 
suhpilosiis  from  dry  moss,  P.  pilosus  Miiller 
from  old  deciduous  trees,  and  P.  sexpunc- 
tatiis  Panzer  from  beneath  pine  and  maple 
bark,  and  Linsley  ( 1944 )  lists  four  other 
records  from  European  literature.  In  North 
America,  two  species  of  Ptinus  were  col- 
lected by  beating  live  oaks  in  southern 
California  (Fall,  1901),  a  specimen  of  P. 
bimaciilatiis  Melsheimer  was  taken  in  Span- 
ish moss  in  Louisiana,  and  specimens  of 
P.  fur  Linnaeus  have  been  found  in  associa- 
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tion  with  Pinus  in  New  England.  Althougli 
the  Ixx'tles  may  be  feeding  on  rotten  wood, 
it  is  also  possible  that  they  ntilize  insect 
remains  or  other  organic  debris. 

Several  ptinids  haxe  been  recorded  from 
ca\'es,  where  they  usnally  feed  on  bat  guano 
or  other  mammal  excrement.  Brown  ( 1959 ) 
described  Pscudciirostus  kellcri  and  Niptus 
ahditus  from  specimens  taken  in  caves  in 
Utah,  and  four  other  species  have  been 
collected  in  caves  in  Europe  and  northern 
Africa  (Howe,  1959).  An  undescribed 
'Niptus  was  found  feeding  on  raccoon  scat 
in  a  Texas  cave  ( Reddell,  1966 ) .  Although 
mammal  dung  appears  to  be  an  important 
food  source  in  all  the  more  sheltered  hab- 
itats mentioned  here,  ptinid  beetles  have 
never  been  found  in  cattle  droppings  and 
are  rarely  collected  in  other  kinds  of  dung 
in  open  places.  One  notable  exception  is 
given  by  Andrews  (1967),  who  collected 
two  Central  American  Ptimis  in  coati 
( Nostio  narica )  scat  on  exposed  surfaces  in 
a  dry  tropical  forest. 

The  most  important  natural  habitats  of 
the  Ptinidae  are  the  nests  of  mammals, 
birds,  bees,  wasps,  and  ants.  Linsley 
(1944)  and  Howe  (1959)  Hst  11  species  of 
ptinids  from  mammal  nests,  17  species  from 
bird  nests,  and  12  species  from  the  nests  of 
hymenopterous  insects.  The  actual  tvpe  of 
food  utilized  varies  with  the  kind  of  nest, 
but  here  again  excrement  is  probably  an 
important  food  item,  along  with  dead  in- 
sects, hair  or  feathers,  pollen,  and  possiblv 
living  larvae.  According  to  Linsley  and 
MacSwain  (1941),  Ptinus  calif  amicus  Pic, 
which  lives  in  the  nests  of  Osniia,  does  not 
attack  the  bee  larva  but  may  cause  its  death 
indirectly  through  competition  for  pollen. 
P.  scxpunctatus,  on  the  other  hand,  feeds 
on  healthy  larvae  of  P.  fur  (Howe,  1959). 
A  number  of  eeonomicallv  important  spe- 
cies, including  Niptus  hololcucus  (Falder- 
mann),  commonly  feed  on  rat  and  mouse 
feces,  and  the  infestation  of  warehouses 
and  mills  by  these  beetles  may  be  associated 
with  the  presence  of  rodents. 

The  biology  of  ptinids  attacking  stored 


products  has  been  adequately  covered  by 
Howe  and  others.  Hinton  (1941)  lists  21 
economically  important  species,  and  Howe 
(1959)  has  made  detailed  studies  of  14  of 
these.  Some  of  the  many  items  on  which 
ptinids  have  been  reported  to  feed  are: 
wheat,  flour,  rye,  cereals,  bread,  hay,  corn, 
ginger,  nutmeg,  cacao,  opium,  fish  meal, 
sugar,  pepper,  tallow,  wool,  tobacco,  paste, 
dried  mushrooms,  dried  fruits,  rubber, 
leather,  plant  and  insect  collections,  and 
books.  Although  some  of  these  records  are 
suspect,  the  total  range  of  food  items  is  still 
very  great. 

Biology  of  the  Myrmecophilous  Species 

Very  little  is  known  about  the  habits  of 
inquilinous  ptinids,  and  the  present  discus- 
sion is  based  partly  on  knowledge  of  the 
food  habits  of  non-myrmecophilous  species, 
facts  concerning  the  distributions  and  nest- 
ing habits  of  host  ants,  interpretation  of 
structural  adaptations  in  the  myrmecophi- 
lous Ptinidae,  and  information  on  the 
behavior  of  other  myrmecophiles  which 
have  evolved  analogous  structural  features. 

Most,  if  not  all,  of  the  myrmecophilous 
])tinids  would  be  considered  symphiles  or 
true  guests,  according  to  the  ecological  clas- 
sification proposed  by  Wasmann  (1898). 
Most  of  the  species  have  the  characteristic 
"symphilie  features"  mentioned  by  Donis- 
thorpe  (1927),  Wheeler  (1928),  and  Park 
( 1964 ) :  smooth  and  shiny,  black  or  reddish 
integument,  reduced  mouthparts,  trichomes, 
and  antennal  modifications.  Behavioral 
observations  indicate  that  some  species,  at 
least,  are  tolerated  and  even  protected  by 
the  ant  colony.  Clark  (1923)  noted  that 
specimens  of  Enosiba  tristis  and  E.  conifer 
in  an  observation  nest  containing  an  active 
colony  of  Iridomyrmcx  conifer  "seemed  to 
be  on  friendly  terms  with  the  ants,  and, 
during  the  three  months'  confinement  were 
never  interfered  with,  but  were  allowed  to 
move  freely  through  the  various  chambers, 
including  the  nurseries  which  always  con- 
tained a  large  number  of  larvae  and  pupae 
of  the  ants."  He  further  observed  that  "one, 


12        Bulletin  Museum  of  Comparative  Zoology,  Vol.  138,  No.  1 


and  sometimes  two  ants  were  seen  to  attach 
themselves  to  the  antennae,  and  appeared 
to  be  getting  great  satisfaction  by  nibbHng 
and  licking  the  apical  joints,  stroking  the 
beetle  nlcan^^'hile  with  their  antennae. 
None  of  the  ants  were  seen  to  attach  them- 
selves to  the  fascicles  on  the  prothorax." 
The  follo\\ing  comments  were  made  abont 
Diplocotidiis  fonnicola  by  W'asmann  and 
Brauns  ( 1925 ) :  "The  species  is  not  only 
tolerated  by  the  ants  but  seems  to  be 
treated  as  a  true  guest  like  most  of  the 
Paussidae.  When  opening  the  ants'  nest 
I  have  often  observed  that  the  Flagiolcpis 
[AnopJolcpis  spp.]  grasped  the  beetles  and 
carried  them  away  into  security.  .  .  .  The 
behavior  of  the  beetle  is  unconcerned.  It 
runs  carelessly  in  the  thickest  throng  of  the 
otherwise  vicious  and  carnivorous  Plagio- 
lepis  and  can  be  obser\'ed  sitting  in  copula 
in  the  crowd  of  ants."  Although  there  is  no 
other  direct  evidence  pertaining  to  the 
biology  of  myrmecophilous  ptinids,  studies 
of  other  inquilinous  beetles  may  shed  some 
light  on  certain  features,  such  as  the  func- 
tions of  trichomes  and  antennal  modifica- 
tions, feeding  and  means  of  dispersal. 

The  tufts  of  hairs  or  trichomes  on  the 
prothorax,  elytra,  or  abdomen  of  mynne- 
cophiles  secrete  some  substance  which  is 
imbibed  by  ants.  The  licking  of  trichomes 
by  ants  has  been  observed  for  a  number 
of  beetle  groups,  including  the  "lomechu- 
sine"  Staphylinidae  (\\^asmann,  1920; 
Wheeler,  1928),  the  clavigerine  Pselaphi- 
dae  (Donisthoipe,  1927;  Park,  1964),  and 
the  Paussidae  ( Reichensperger,  1948 ) .  In 
a  detailed  anatomical  and  histological 
study,  Mou  (1938)  demonstrated  that  the 
trichomes  of  the  Paussidae  are  definitelv 
glandular,  producing  a  secretion  which 
evaporates  slowly,  leaving  a  greasy  residue 
which  is  difficult  to  dissolve  in  alcohol  but 
easily  soluble  in  ethyl  acetate.  Park  ( 1964 ) 
made  the  following  comment  on  the  behav- 
ior of  ants  which  had  been  feeding  on 
clavigerine  trichomes:  ".  .  .  on  several 
occasions,  I  haxe  obser\'ed  the  workers  to 
be  so  overwhelmed  bv  this  trichomc  stimu- 


lant that  they  become  temporarily  dis- 
oriented and  less  sure  of  their  footing." 
The  predaceous  reduviid  bug  Ptiloccrus 
ochraccus  Montandon  produces  a  secretion 
which  not  onlv  attracts  ants  but  narcotizes 
them  as  well,  enabling  the  bug  to  penetrate 
and  feed  on  the  paralvzed  prey  (Wheeler, 
1928;  Donisthorpe,  1927). 

According  to  \\' heeler  ( 1928 )  the  modi- 
fied antennae  of  some  mynnecophiles  are 
adapted  to  stroking  the  ant  host,  or  function 
as  handles  for  the  ants  to  carry  the  beetles 
about  in  the  nests.  According  to  Mou 
(1938)  and  Janssens  (1949),  however,  the 
antennae  of  paussids  are  definitely  glan- 
dular and  probably  serve  the  same  function 
as  the  trichomes  on  the  prothorax.  The 
observations  on  Enasiba  mentioned  above 
indicate  that  this  is  also  true  in  some 
Ptinidae.  Darlington  ( 1950 )  stresses  the 
apparent  loss  of  the  tactile  function  in 
paussid  antennae,  as  suggested  by  the  re- 
duction or  loss  of  the  pedicel  and  the 
associated  Johnston's  organ. 

Since  most  other  ptinids  are  scavengers, 
it  is  unlikely  that  the  inquilinous  forms  feed 
on  ant  larvae  as  do  staphylinids  and  paus- 
sids. The  most  probable  sources  of  food 
are  excrement,  dead  ants,  and  the  remains 
of  prey.  In  some  of  the  Ptinidae,  however, 
the  mouthparts  are  reduced,  indicating  that 
they  may  be  fed  regurgitated  food  by  the 
ants.  Free-li\"ing  ptinids,  such  as  Ptinus  fur 
(Figs.  11  and  14)  have  normal  chewing 
mandibles  and  well-developed  maxillae 
with  two  distinct  lobes.  In  Diplocotes 
farnilioris  both  structures  are  somewhat  re- 
duced, and  in  Ect replies  formicarum  the 
mandible  is  narrow  and  scoop-like  (Fig. 
13 )  and  the  maxilla  is  highly  reduced  ( Fig. 
12).  Reduction  of  mouthparts  and  feeding 
by  ants  is  a  common  feature  in  other  sym- 
philes.  According  to  Donisthorpe  (1927), 
Artemeles  (Staphylinidae)  elicits  food  from 
worker  ants  by  tapping  with  its  antennae, 
but  can  survive  on  ant  larvae  and  dead 
insects  as  well.  Park  ( 1964 )  described  an 
individual  of  Adranes  lecontei  Brendel 
being  fed  regurgitated  food  by  one  worker 
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while  two  more  ants  were  licking  its  tri- 
ehomes. 

Since  many  species  of  Ptinidae,  inclnding 
almost  all  of  the  inquilines,  are  wingless 
in  both  sexes,  the  means  of  dispersal  in 
these  insects  is  difficnlt  to  explain.  A  cine 
may  be  fonnd  in  observations  made  on 
certain  cla\'igerine  Pselaphidae,  which  are 
also  wingless.  Adrancs  lecontei  Brendel  is 
known  to  ride  the  gaster  of  worker  ants 
and  has  been  observed  to  be  carried  in  this 
manner  for  as  long  as  ninety  minntes  ( Park, 
1964 ) .  Claviger  testaceus  Preyssler  may 
attach  itself  to  winged  females  and  males 
of  its  host,  and  Donisthorpe  ( 1927 )  noted 
that  two  specimens  of  Claviger  longicornis 
Miiller  frequently  sat  for  hours  on  the 
gaster  of  an  Aconthovu/ops  ftdiginosiis 
queen.  It  is  quite  possible,  then,  that  a 
number  of  m>'rmecophilous  insects  mav  be 
transported  to  new  nests  by  queen  ants. 

Tlie  small  number  of  available  host  re- 
cords makes  it  impossible  at  present  to 
determine  the  extent  to  which  particular 
ptinids  are  restricted  to  one  species  or  one 
group  of  ants.  In  the  New  W'orld,  Gnostus 
is  known  only  from  Crematogaster  nests 
and  Fahrasia  is  associated  only  with  Cam- 
ponotus,  but  in  Australia  the  situation  is 
more  complex.  Many  of  the  Australian 
forms  are  associated  with  species  of  Irido- 
myrmcx,  but  several  have  been  found  in 
Crematogaster  and  Rlujtidoponcra  nests. 
Seven  different  ptinids  have  been  taken  in 
the  nests  of  Jridomyrmcx  conifer  Forel,  and 
some  have  been  associated  with  as  many 
as  three  ant  species.  Iridomyrmex  conifer 
occurs  in  the  dry  southwestern  part  of 
Australia,  and  it  builds  large,  conical 
mounds  of  twigs  and  leaves.  Most  of  the 
Australian  ant  hosts  are  ground  nesting, 
while  Camponofus  and  Crematogaster  in 
the  New  World  usually  build  nests  off  the 
ground  in  rotten  wood,  twigs,  and  vines. 

Origin   of  Myrmecophily 

According  to  Crowson  (1955),  the  Ptini- 
dae have  probably  evolved  from  an  anobiid- 
like  ancestor  resembling  the  genus  Hedobia, 


with    the    loss    of   the    wood-boring    habit 
being  the  most  important  factor  involved  in 
the  divergence  of  the  group.    He  considers 
the  ptinid  genus  XyJodes  to  be  intermediate 
between  Hedobia  and  a  primitive  Ptiniis, 
such  as  P.  paUiatiis.    Assuming  that  there 
was    a    shift    from    xylophagy    to    general 
scavenging,  the  ancestral  forms  may  have 
first  fed  on  rotten  wood  mixed  with  excre- 
ment   and    insect    remains.     Some    extant 
species  have  retained  this  habit,  as  noted 
above.   Two  independent  trends  must  then 
have  taken  place:    (1)  the  movement  away 
from   the  arboreal  or  woody  habitat,  and 
(2)  the  increased  utilization  of  animal  by- 
products, including  stored  food,  feces,  and 
carrion.     It    is    not    surprising    that    many 
species  came  to  inhabit  the  nests  of  birds, 
mammals,   and   insects,   since   the  greatest 
accumulations  of  suitable  food  items  would 
be  found  in  these  habitats.   Also,  the  Ptini- 
dae have  become  particularly  successful  in 
arid  regions  where  nests  of  various  kinds 
provide  one  of  the  few  habitats  in  which 
sufficient  moisture  is  available  for  the  com- 
pletion   of   the   life    cycle.     Howe    (1959) 
stresses  the  fact  that  ptinids  require  "drink- 
ing" water,  which  would  be  present  in  nests 
in    the    form    of    urine,    moist    excrement, 
honey,  or  other  fluids.  As  mentioned  above, 
the  species  which  invaded  warehouses  and 
mills   were  probably   first   associated  with 
rats   and   mice.     From   these   general   nest 
scavengers  evolved   the   depredators,   such 
as  Ptinus  calif ornicus  and  P.  sexpunctatiis, 
and  the  myrmecophiles. 

The  invasion  of  the  nests  of  social  insects, 
such  as  ants,  presents  a  problem  to  the 
potential  inquiline,  who  must  overcome  the 
strong  defenses  of  the  colony.  Unlike  the 
myrmecophilous  Staphylinidae,  the  slow- 
moving  ptinids  certainlv  have  never  been 
active  predators,  and  the  first  species  to 
penetrate  ant  colonies  were  probably  indif- 
ferently tolerated  forms  or  synoeketes,  in 
the  terminology  of  W'asmann  (1898). 
Ptinus  sid)piIosus  is  a  living  species  which 
may  be  a  synoekete,  since  it  lacks  trichomes 
or  other  symphilie  features  but  appears  to 
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have  invaded  successfully  the  nests  of  Acan- 
thomyops  in  Europe.  These  secretive  forms 
may  be  able  to  survive  in  the  nest  by 
occupying  abandoned  chambers  or  by  feign- 
ing death  when  disturbed  ( letisimulation  ) . 
The  latter  type  of  behavior,  which  has  been 
discussed  by  Park  ( 1964 )  for  the  Pselaph- 
idae,  may  have  been  very  important  in  the 
initial  adjustment  to  the  ant  society.  It  is 
likely  that  beetles  exhibiting  letisimulation 
would  be  ignored  by  worker  ants  or  pos- 
sibly carried  off  with  the  debris.  It  is  also 
possible  that  certain  structural  features  of 
the  Ptinidae  have  preadapted  them  for 
myrmecophilous  existence.  All  ptinids  are 
relatively  small  and  compact  beetles  with  a 
heavy  cuticle.  The  head  is  declined  and 
the  prosternum  shortened,  so  that  the 
mouthparts  and  antennae  may  be  hidden 
beneath  the  body.  If  a  beetle  were  to  be 
attacked,  the  com]:)act  fonn  and  thick  cuti- 
cle might  provide  sufficient  protection,  but 
this  would  not  be  necessary  for  survival  if 
enough  of  the  population  avoided  encoun- 
ters with  the  ants.  Once  this  initial  adjust- 
ment was  made,  the  inquiline  would  be 
provided  \\'ith  a  comjoatible  enxironment 
(especiallv  in  arid  regions),  an  abundant 
food  supplv,  and  the  protection  of  the 
colony.  Selection  would  favor  the  sub- 
sequent evolution  of  features  either  that 
would  improve  the  defenses  of  the  inquiline 
or  allow  it  to  become  integrated  into  the 
ant  society  as  a  protected  symphile. 

There  is  little  doubt  that  in  several 
groups,  such  as  the  Ptinidae,  Paussidae, 
and  Pselaphidae,  the  evolution  of  true 
svmphily  has  been  associated  with  the 
development  of  glandular  structures,  such 
as  trichomes,  but  the  functions  of  these 
glands  and  the  steps  leading  to  their 
development  are  far  from  being  clearly 
understood.  It  is  known  that  ants  may 
imbibe  the  secretions  and  that  insects  pos- 
sessing trichomes  are  often  protected  and 
fed  by  ants,  but  the  relationships  between 
symphiles  and  their  hosts  have  never  been 
studied  in  detail.  Unlike  aphids  and  coc- 
cids,  these  insects  are  not  tended  in  groups 


outside  the  nest,  nor  do  they  supply  a 
significant  amount  of  nutriment  to  the 
colony.  Symphiles  are  known  to  occur  in 
small  numbers  throughout  the  active  por- 
tions of  the  nest  and  they  appear  to  be 
accepted  as  part  of  the  colony.  It  may  be 
argued  that  any  "foreign"  insect  producing 
secretions  which  stimulate  the  ants  to  feed 
would  be  devoured  rather  than  protected, 
but  several  factors  may  prevent  this.  First, 
it  has  been  assumed  that  the  initial  invaders 
have  penetrated  the  nest  in  the  manner 
discussed  above  and  have  thus  taken  on 
the  colony  odor.  Second,  most  of  these 
symphiles  resemble  ants  and  some  of  them, 
at  least,  exhibit  antlike  behaxior.  Third,  the 
aggressive  behavior  of  a  foraging  or  defend- 
ing worker  is  unlike  that  of  an  ant  within 
the  nest,  where  a  common  activitv  is  the 
exchange  of  regurgitated  food  or  secretions 
(trophallaxis).  If  a  myrmecophile  elicits 
no  defensive  response  from  the  ants,  and 
if  trophallactic  exchange  is  a  common  pat- 
tern among  individuals  within  the  nest,  it 
is  conceivable  that  the  development  of 
attractive  secretions  by  an  inquiline  might 
lead  directly  to  a  situation  in  which  the 
insect  is  not  only  protected  but  also  fed 
by  the  ants. 

In  the  preceding  discussion  it  is  assumed 
that  trichomes  developed  in  beetles  which 
already  had  invaded  successfullv  the  nests 
of  ants.  It  is  also  possible  that  these  glands 
were  a  necessary  prerequisite  to  the  in- 
vasion of  nests.  Cazier  and  Mortenson 
( 1965 )  suggest  that  in  the  scarabaeid 
beetle  Crcmastochcilu.s  trichomes  mav 
serve  to  attract  ants  to  the  beetles  which 
are  then  carried  into  the  nest  as  items  of 
food.  A  third  alternative  is  that  trichomes 
evolved  independently  and  serve  no  neces- 
sary function  in  myrmecophily.  We  think 
that  the  occiuTence  of  these  structures  in 
so  man\'  unrelated  myrmecophiles  makes 
this  last  suggestion  improbable. 

As  mentioned  above,  myrmecophily  in 
the  Ptinidae  probably  originated  several 
times.  Mijrmecoptinus  butteli,  a  winged 
species   associated   \\'ith   Crcmatogaster  in 
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the  forests  of  Southeast  Asia,  is  the  least 
modified  of  the  inquihnes  and  may  have 
evolved  recently  from  non-m\rmecophilous 
forms,  ^^'e  ha\-e  suggested  (Lawrence  and 
Reichardt.  1966a )  that  the  two  New  \\'orld 
genera,  Gnostus  and  Fahrasia.  e\olved 
direct!)-  and  independent!)'  from  ear!)- 
Ptinus-MVQ  ancestors.  Tl-ie  species  in  botli 
groups  are  high!)'  modified  sympliiles,  but 
they  ha\-e  retained  their  wings  and  are 
associated  witli  arl)orea!  or  wood-nesting 
ants  in  the  American  tropics.  The  South 
African  Diplocotidus  and  the  Australian 
ectrephines  are  all  wingless,  and  most  of 
them  occur  with  ground-nesting  ants  in 
open,  arid  or  semi-arid  regions.  Tliese  two 
groups  may  have  evolved  from  ancestors 
which  had  already  left  the  ancestral  forest 
habitat  and  were  associated  with  ground 
debris  or  mammal  burrows  in  dr\'  areas. 
Diplocotidus  fomiicolo  is  a  true  symphile, 
judging  from  the  observations  of  ^^'asmann 
and  Brauns  (1925),  but  it  has  not  evolved 
some  of  the  more  obvious  antenna!  and 
pronota!  modifications  found  in  the  Aus- 
tralian forms.  The  ectrephines  are  the  most 
di\erse  and  numerous  of  the  m)-rmecopl-ii- 
lous  ptinids,  but  the)'  have  almost  certain!\' 
e\olved  from  one  or  possibly  two  related 
forms;  all  are  probably  s)'mphiles,  but  the 
degree  of  structural  modification  varies 
considerably. 

Only  six  species  of  mynnecophilous 
ptinids  occur  in  the  Neotropical  region, 
while  35  species  are  known  from  Australia. 
Furthermore,  the  New  World  fauna  consists 
of  three  closely  related  species  in  each  of 
the  two  genera,  while  the  Australian  fauna 
is  so  diverse  that  the  species  were  formerlv 
placed  in  14  genera.  Certainly  the  habitat 
diversity  of  South  America  exceeds  that  of 
Australia,  and  the  ant  faunas  of  the  two 
areas  are  comparable.  The  following  fac- 
tors are  !il<ely  to  have  been  responsible. 
First,  the  Ptinidae  in  general  seem  to  be 
more  successful  in  arid  and  semi-arid 
regions  than  in  humid,  tropical  ones,  and 
most  of  the  Australian  ectrephines  inhabit 
the  drier  parts  of  the  continent.    Second. 


the  Australian  inquilines  are  all  wingless 
(which  may  be  related  to  water  conserva- 
tion in  dry  areas),  while  the  New  World 
species  are  winged.  The  lack  of  wings  will 
obvious!)'  reduce  tlie  rate  of  gene  exchange 
between  populations.  If,  as  suggested 
above,  the  wingless  myrmecophile  must 
attach  itself  to  a  new  queen,  then  the 
probabilit)'  of  outbreeding  will  be  very  low. 
Finally,  the  Australian  ant  fauna  contains 
a  large  numl^er  of  ground-nesting  species, 
such  as  Iridomyrmex  conifer,  which  build 
mounds  and  have  relatively  large  and  per- 
manent colonies.  The  South  American  ants, 
on  the  whole,  have  smaller  and  less  per- 
manent colonies.  These  Iridomyrmex  nests 
provide  a  suital^le  en\ironment  for  the 
Ijuild-up  of  inquiline  populations,  which, 
because  of  difficulties  of  dispersal,  ma)' 
be  isolated  from  other  such  populations  for 
long  periods  of  time.  Such  conditions 
would  fa\or  the  evolution  of  a  dixerse 
myiTnecophilous  fauna. 

Evolutionary  Trends 

In  examining  the  various  modifications 
of  myrmecophilous  ptinids,  we  may  dis- 
tinguish between  those  unique  to  inquilines 
and  those  found  in  other  Ptinidae  as  well. 
The  former  group  would  include:  elonga- 
tion of  clypeus  and  labrum,  reduction  of 
mouthparts,  enlargement,  flattening,  and 
fusion  of  antenna!  segments,  formation  of 
glandular  structures  on  antennae,  prono- 
tum,  elytra,  and  hind  legs,  changes  in  shape 
of  tibiae,  and  loss  or  extreme  reduction  of 
hairs  and  scales  over  most  of  the  body 
surface.  The  following  would  fall  into  the 
latter  group:  reduction  of  eyes,  declination 
of  head,  fonnation  of  deep  antenna!  fossae, 
loss  of  antenna!  segments,  formation  of 
grooves  and  pits  on  pronotum,  loss  of  hind- 
wing,  reduction  or  loss  of  scutellum  and 
elytra!  humeri,  reduction  of  metastemum. 
and  lateral  movement  and  change  in  shape 
of  hind  coxae. 

The  loss  of  the  hindwings  (with  the 
correlated  changes  in  the  elytra,  scutellum. 
and  metasternum )   occurs  in  various  Ptin- 
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idae,  including  Meziiim,  Gihhium,  Niptus, 
and  Trigonogeniws,  while  some  of  the  myr- 
mecophiles  ha\e  fully  developed  wings 
(Gnostiis  and  Fahrasia).  Since  most  of  the 
wingless  ptinids  occur  in  drier  areas  or  in 
stored  products,  it  is  possible  that  the  loss 
of  wings  is  associated  with  \\'ater  conserxa- 
tion. 

Changes  in  the  shape  of  the  clypeus  and 
labrum  are  unique  to  the  myrmecophilous 
species,  and  mav  sene  to  protect  the  mouth- 
parts.  In  some  of  the  highly  modified 
forms,  such  as  Ectrcphes,  the  concave  inner 
surface  of  the  labrum  forms  with  the  hol- 
lowed and  elongate  mandibles  a  tube  which 
may  be  used  for  feeding  on  liquids  supplied 
bv  the  ants.  In  these  same  forms,  the 
chewing  surface  of  the  mandible  is  absent 
and  the  maxillae  are  reduced. 

Modifications  of  the  legs  of  these  inqui- 
lines  probably  represent  three  different 
kinds  of  adaptations.  In  Gnostus,  the  tibiae 
are  broad  and  compressed  and  may  serve 
as  protective  shields;  very  similar  structures 
occur  in  the  paussid  genera  Homoptcrm 
and  Ceraptcms.  The  tibiae  of  Ectrcphes 
formicarum  and  certain  other  ectrephines 
are  somewhat  bent  and  angulate;  these 
might  be  used  to  cling  to  ants.  The  hind 
tibiae  and  femora  of  Fahrasia  are  peculiarly 
enlarged  and  bear  tufts  of  yellow  hairs: 
these  are  probabl\-  glandular  structures 
serving  the  same  function  as  trichomes. 

The  types  and  possible  functions  of  pro- 
notal  and  antennal  trichomes  have  been 
discussed  abo\e.  Several  different  types  of 
glandular  systems  have  evohed  in  this 
group,  but  the  di\ersity  is  not  nearly  as 
great  as  in  the  Paussidae  ( see  Darlington. 
1950).  Perhaps  the  first  structures  were 
small  isolated  glands  scattered  on  the  bod\ 
surface.  A  consolidation  of  these  small 
glands  gave  rise  to  more  complicated 
organs,  such  as  trichomes,  and  to  various 
accessory  grooves  and  pits  for  the  collection 
of  fluid.  The  fusion  of  antennal  segments 
would  serve  to  consolidate  glandular  mate- 
rial and  form  a  storage  vesicle  as  well. 
The  evolution  of  antennal  types  in  the 


Ptinidae  is  similar  in  many  ways  to  that 
occurring  in  the  Paussidae,  and  a  number 
of  convergences  can  be  seen  in  the  two 
groups.  Protopaiissws  has  simple  antennae 
like  those  of  Diplocotes  familiar  is,  while 
Homopteru-s,  Cerapterus,  and  their  rela- 
tives have  the  flattened  type  of  antennae 
found  in  D.  laticornis.  Lebioderus  and 
FcntapIatartJinis  have  flattened  antennae 
with  a  reduced  number  of  segments,  and 
in  Ceratoderus  and  PJatyrhopalopsis  fur- 
ther fusion  and  reduction  can  be  seen;  this 
series  finds  a  parallel  in  Diplocotes  kingi, 
Ectrcphes  clavatiis,  and  £.  pascoci  among 
the  ptinids.  The  club-like  antenna  found 
in  E.  formicarum  and  the  genus  Gnostus  is 
similar  to  that  of  some  Paussus. 

CATALOGUE  OF  THE 
MYRMECOPHILOUS   PTINIDAE 

Myrmecopfinus  Wasmann 

Mijrmecoptinus  Wasmann,  1916:  206-207.  Type 
species,  by  monot\py,  Myrmecoptinus  buttcli 
Wasmann. 

Included  species:    1. 

Myrmecopfinus  buffeli  Wasmann 

Miirmcco]^finus  Jnitteli  Wasmann,  1916:  207,  pi.  4, 
fig.  20. 

Distribution:  SUMATRA  (Soengei,  Bam- 

ban ) . 

Host:   Crcmatogaster  buttcli  Forel. 

Diplocofidus   Peringuey 

Diplocotidus  Peringuey,  1899:  245.  Type  species, 
l^y  monotypy,  Diplocotidus  jormicola  Peringuey. 

Included  species:    1. 

Diplocotidus  formicola   Peringuey 

Diplocotidus  jormicola  Peringuey,  1899:  245-246, 
pi.  7,  figs.  13,  13a;  Wasmann  and  Braims,  1925: 
112-113. 

Distribution:  UNION  OF  SOUTH  AF- 
RICA (Prince  Albert;  W'illowmore;  Lady- 
smith;  Kimberley). 

Hosts:      Acantholcpis     capensis     Mayr; 

Anoplolcpis  custodiens  (F.  Smith);  Anop- 
lolcpis  steingroeveri  (Forel). 
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Gnostus  Westwood 

Gno.ftus  Westwood,  1855:  90-92;  Lawrence  and 
Reichardt,  1966a:  32-34.  Type  species,  by 
nionot>p\-,  Gnostus  formicicola  Westwood. 

Included  species:  3. 

Gnosfus  formicicola   Westwood 

Gnostus  formicicola  Westwood,  1855:  92,  pi.  8, 
lies.  1-21;  Lawrence  and  Reichardt,  1966a:  34, 
fis:.  4. 

Distribution:  BOLIVIA:  LAPAZ(Map- 
iri);  BRAZIL:  PARA  (Santarem;  Villa 
Nova);  AMAZONAS  (Sao  Paulo  de  Oli- 
ven9a);  \L\TO  GROSSO  (Utiariti). 

Hosts:  Crcrnatogaster  victima  F.  Smith; 
Crcmatogaster  sp.  (near  hrasilicnsis  Mayr). 

Gnosfus  floridanus   Blatchley 

Gnostus  floridanus  Blatchley,  1930:  111-112,  fig. 
1;  Lawrence  and  Reichardt,  1966a:  37,  figs.  1, 
2.  5,  13,  14. 

Distribution:  BAHAMAS  (Clifton  Point, 
New  Providence);  FLORIDA  (Dunedin; 
Plantation  Key). 

Hosts:  Crcrnatogaster  ashmcadi  Mayr; 
Crcrnatogaster  sanguinca  lucatjana  \Mieeler. 

Gnosfus  meinerti  Wasmann 

Gnostus  nicincrti  Wasmann,  1894:  121,  216;  Law- 
rence and  Reichardt,  1966a:   35,  fig.  3. 

Distribution:  PANAMA  ( Barro  Colorado 
Is.;  Erwin  Is.;  Gatun  Lake);  VENEZU- 
ELA: CARABOBO  (Trincheras,  near 
Valencia ) . 

Host:  Crcrnatogaster  litnata  dextella 
Santschi. 

Fabrasia  Martinez  and  Viana 

Fahia  Martinez  and  Viana,  1964:  8,  not  Dana, 
1851.  Type  species,  by  original  designation, 
Fahia  alvarengai  Martinez  and  Viana. 

Fabrasia  Martinez  and  Viana,  1965:  18;  Lawrence 
and  Reichardt,  1966a:  37-40. 

Included  species:   3. 

Fabrasia  alvarengai  (Martinez  and  Viana) 

Fabia   alvarengai    Martinez    and    Viana,    1964;    9, 

figs.  1-3. 
Fabrasia  alvarengai  (Martinez  and  \'iana),   1965: 

18;  Lawrence  and  Reichardt,  1966a:    41. 


Distribution:    BRAZIL:    RIO  GRANDE 
DO  NORTE  (iNatal). 
Host:    Unkno\\n. 

Fabrasia  borgmeieri  Lawrence 
and   Reichardt 

Fabrasia     borgmeieri     Lawrence     and     Reichardt, 

1966a:    41-42,  figs.  6-7. 

Distribution:  BRAZIL:  GOIAS  (Campi- 
nas); MINAS  GERAIS  (P090S  de  Caldas). 

Host:  Camponotus  (Myrmothrix)  reng- 
geri  Emery;  Camponotus  (Myrmobrachys) 
sencx  (F.  Smith). 

Fabrasia   wheeleri  Lawrence 

and   Reichardt 

Fabrasia  uheeleri  Lawrence  and  Reichardt,  1966a: 
42-44,  figs.  8-12. 

Distribution:  COLOMBIA:  MAGDA- 
LENA     (Sevilla);     MEXICO:      OAXACA 

(6.3  mi.  \\'  Tehiiantepec ) . 

Ho.^:  Camponotus  (Myrmothrix)  bug- 
nioni  Forel. 

Diplocotes  Westwood 

Diploeotes  Westwood,    1869:    317.     Type   species, 

by  nionot\p\-,  Diplocotes  hotcittanus  Westwood. 
Diphohia  Oilif'f,  1886:  837-838.    Type  species,  by 

monot\p\-,     Diphohia    familiaris    Olliff.      NEW 

SYNONYMY. 
Paussoptinus   Lea,    1905:    381.     Type   species,   by 

monotvp\-,    Paussoptinus    laticornis    Lea.     NEW 

SYNONYMY. 
Decemplocotes  Mjoberg,   1916:  2;  Lea,  1917:   146 

(proposed    synon\iny    with    Diplocotes) .     Type 

species,  by  present  designation,  Diplocotes  strig- 

icollis  Lea. 
Mesectreplies  Mjoberg,  1916:  3.    Type  species,  by 

nionot\p\-,    Ectrephes    kingi    Westwood.     NEW 

SYNONYMY. 
Bitrephes  Oke,   1926:   291;   Oke,   1928:    27.    Type 

species,     bv    monotvpv,     Bitrephes    cuneiformis 

Oke.    NEW  SYNONYMY. 
Fahoectrephes   Pic,    1929:    35.    Type   species,    by 

nionotvp\',    Ectrephes    kingi    Westwood.     NEW 

SYNONYMY. 

Included  species:   19. 

Diplocotes  apicalis   (Oke), 
NEW  COMBINATION 
Poltjplocotes  apicalis  Oke,  1928:  26. 

Distribution:    AUSTRALIA:  VICTORIA 
(Hattah). 
Host:    Iridomyrmex  sp. 
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Diplocofes  armicoll'is  Lea 

Diplocotes  armicoUis  Lea,  1910:  219-220,  figs. 
25-26. 

Distribution:  AUSTRALIA:  SOUTH 
AUSTRALIA  (Adelaide). 

Host:  Unknown.  Collected  under  bark 
with  ants. 

Diplocotes  brevipennis  (Pic) 

Paussoptinu.i    brevipennis    Pic,     1909:     215;     Lea, 

1910:   223. 
Decemplocotes  brevipennis,   -   Mjoberg,    1916:    6, 

fig.  6. 
Diplocotes  brevipennis,  -  Lea,  1917:   146. 
Diplocotes  decemarficulatus  Lea,    1910:    220-221, 

fig.  57:  Lea,  1917:   146  (syn.). 

Distribution:   AUSTRALIA:  \\ESTERN 
AUSTRALIA  (Geraldton;  Moora). 
Host:    Unknown. 

Diplocotes   carinaficeps   (Lea), 

NEW  COMBINATION 

Polyplocotes  carinaticeps  Lea,  1919:  254-255,  pi. 
25,  fig.  39;  Zeck,  1920:  246,  pi.  19,  fig.  3:  Oke, 
1928:   27. 

Distribution:  AUSTRALIA:  VICTORIA 
( Hattah ) ;  WESTERN  AUSTRALIA  ( Swan 
River ) . 

Hosts:  Crematogasfer  laeviceps  F.  Smith; 
Iridomijrmex  conifer  Forel. 

Diplocotes  cuneiformis  (Oke), 
NEW  COMBINATION 

Bitrephes  cuneiformis  Oke,  1926:  291;  Oke,  1928: 
27-28. 

Distribution:    AUSTRALIA:  VICTORIA 
( Lake  Hattah ) . 
Host:  Iridomijrmex  rufoniger  (Lowne). 

Diplocofes  familiaris   (Olliff), 
NEW  COMBINATION 

Diphobia  familiaris  Olliff,   1886:   838;   Lea,   1905: 

381;  Lea,  1910:   223. 
Diplocotes  niger  Poll,  1886:  238;  Blackburn,  1892: 

300   (syn.). 

Distribution:  AUSTRALIA:  SOUTH 
AUSTRALIA  (Adelaide);  VICTORIA 
(Kiata). 

Hosis:  Iridomijrmex  nitidus  Mayr;  Irido- 
mijrmex nitidiceps  Andre;  Rlujtidoponera 
metallica  (F.  Smith). 


Diplocofes  foveafus   (Lea), 
NEW  COMBINATION 

Diphobia  fovcata  Lea,  1917:   154-155. 

Distribution:     AUSTRALIA:    QUEENS- 
LAND (Townsville). 
Host:    Unknown. 

Diplocofes  foveicollis  Olliff 

Diplocotes  foveicollis  Olliff,  1886:  839-840;  Lea, 
1910:  219;  Lea,  1917:  149;  Lea,  1919:  257; 
Clark,  1921:    103. 

Distribution:  AUSTRALIA:  NEW 
SOUTH  WALES;  SOUTH  AUSTRALIA 
(Lucindale);  WESTERN  AUSTRALIA 
(Serpentine  River;  Perth;  Swan  River). 

Host:   Iridomijrmex  conifer  Forel. 

Diplocofes  howiffanus  Westwood 

Diplocotes  houittantis  \\'est\voocl,  1869:  317; 
Westwood,  1874:  103,  pi.  3,  fig.  6;  Lea,  1910: 
219;  Oke,  1928:  26. 

Distribution:  AUSTRALIA:  SOUTH 
AUSTRALIA  (Gawler,  Adelaide);  VIC- 
TORIA ( Grampians ) . 

Ho.st:  Unknown.  Collected  under  bark 
with  ants. 

Diplocofes  infrlcafus   (Lea), 
NEW  COMBINATION 

Diphobia  intricata  Lea,  1917:   155-156. 

Distribution:  AUSTRALIA:  QUEENS- 
LAND (Stewart  River). 

Hosts:  Crematogaster  sp.;  Iridomijrmex 
sp. 

Diplocofes   kingi   (Westwood), 
NEW  COMBINATION 

Ectrcphes  kingi  Westwood,  1869:  316;  Westwood, 
1874:  104,  pi.  3,  fig.  2;  Lea,  1910:  222;  Lea, 
1917:   147. 

Mesectrephes  kingi,  -  Mjoberg,  1916:  3. 

Falsoectrephes  kingi,  -  Pic,  1929:  35. 

Distribution:   AUSTRALIA:  WESTERN 
AUSTRALIA  (Swan  River;  Mullewa). 
Ho.st:   Iridomijrmex  sp. 

Diplocofes   laficornis   (Lea), 
NEW  COMBINATION 

Paussoptimis  laficornis  Lea,  1905:  382-383,  pi.  28, 
fig.  7;  Lea,  1917:  147;  Tillyard,  1926:  215,  pi. 
16,  fig.  14. 
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Distribution:  AUSTRALIA:  SOUTH 
AUSTRALIA  (Mindarie;  Murat  Ray;  Mur- 
ray Rridge;  Port  Lincoln);  VICTORIA 
(Rirchip;  Rendigo;  Sea  Lake). 

Hosts:  CrcmatOfiasier  kieviceps  F.  Smith; 
Iridomijrmcx  nitidus  Mayr;  Iridomyrmex 
spp. 

Diplocotes   longicornis   (Lea), 
NEW  COMBINATION 

Dipho})ia  loiif^icorni.s  Lea,  1919:  256,  pi.  25,  fig. 
40;  ZLck,  1920:  245,  pi.  19,  fig.  4;  Clark,  1921: 
103. 

Distribution:  AUSTRALIA:  WESTERN 
AUSTRALIA  (Victoria  Park;  Swan  River). 

Hosts:  Iridoynyrrucx  conifer  Forel;  Irido- 
myrmex sp. 

Diplocotes  mefallicus   (Lea), 
NEW  COMBINATION 

DipJiolna  metallica  Lea,  1917:   155. 

Distribution:     AUSTRALIA:    QUEENS- 
LAND  (Stewart  River). 
Host:    Iridomyrmex  sp. 

Diplocotes  minufus  Oke 

Diplocotes  minuta  Oke,  1928:  26. 

Distribution:    AUSTRALIA:  VICTORIA 
( Rendigo ) . 
Host:   Rhytidoponera  sp. 

Diplocotes  myrmecophilus   (Lea), 
NEW  COMBINATION 

Dii)hohia  myrmecophila  Lea,  1917:   153-154. 

Distribution:  AUSTRALIA:  NORTH- 
ERN TERRITORY  (Darwin). 

Hosts:  OecophyJIa  smara^dina  (Fabri- 
cius),  Rhytidoponera  hilli  Crawley. 

Diplocotes  pilosus   (Mjoberg), 
NEW  COMBINATION 

Polyplocotes  pilosus  Mjoberg,  1916:   11-12,  fig.  3. 

Disiribution:  AUSTRALIA:  WESTERN 
AUSTRALIA  ( Noonkanbah,  Kimberley 
District). 

Host:    l^nknown. 


Diplocotes  similis   (Oke), 
NEW  COMBINATION 

Polyplocotes  si77}ilis  Oke,  1928:  27. 

Disiribution:    AUSTRALIA:  VICTORIA 
(Rendigo;  Inglewood). 
Host:   Crematogaster  laeviceps  F.  Smith. 

Diplocotes  strigicollis   Lea 

Diplocotes  .stri<:icollis  Lea,  1910:   221;  Lea,   1917: 

150. 
Dcceinplocotes  strigicollis,  -  Mjoberg,  1916:  2. 

Distribution:    AUSTRALIA:    SOUTH 
AUSTRALIA  (Adelaide;  Port  Lincoln). 
Host:   Iridomyrmex  sp. 

Polyplocotes  Westwood 

Polyplocotes  Westwood,  1869:  316.    Type  species, 

by   present  designation,   Polyplocotes   longicollis 

Westwood. 
Hexaplocotes  Lea,    1906:    224.     Type   species,   b\- 

nionoKpv,   Hexaplocotes  sulcifrons   Lea.     NEW 

SYNONYMY. 
Leaptinus    Mjoberg,     1916:     3;     Lea,     1917:     146 

(proposed  synonymy  with  Paussoptinus).    Type 

species,    by    monotvpv,     Paussoptinus    dolicho- 

gnathus  Lea.    NEW  SYNONYMY. 
Paussoceros  Mjoberg,  1916:    13.    T\pe  species,  by 

monotvp\-,      Paussoceros      anteunalis      Mjoberg. 

NEW  SYNONYMY. 

Included  species:   11. 

Polyplocotes   antennalis    (Mjoberg), 
NEW  COMBINATION 

Paussoceros  atitenualis  Mjoberg,   1916:    13-14,  fig. 
4. 

Disiribution:    AUSTRALIA:  WESTERN 
AUSTRALIA  (Derby,  Kimberley  District). 
Host:   Unknown.   Collected  mider  bark. 

Polyplocotes  castaneus  Lea 
Polyplocotes  castaneus  Lea,  1912:  75. 

Distribution:   AUSTRALIA:  WESTERN 
AUSTRALIA  (Northwestern  Australia). 
Host:    Unknown. 

Polyplocotes  cremastogastri   (Lea), 
NEW  COMBINATION 

Paussoceros  cremastogastri  Lea,  1917:    153. 

Distribution:    AUSTRALIA:  \\'ESTERN 
AUSTRALIA  (Derby). 
Host:   Crematogaster  sp. 
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Polyplocotes  dolichognathus   (Lea), 

NEW  COMBINATION 

Paussoptinus  dolichognathus  Lea,  1912:   76;  Lea, 

1917:    146. 
Leaptimis  dolichognathus,  -  Mjoberg,  1916:  3. 

Distribution:  AUSTRALIA:  SOUTH 
AUSTRALIA  ( Killalpanima,  Central  Aus- 
tralia ) . 

Host:    Unknown. 

Polyplocofes  longicoHis  Westwood 

Polyplocotes     longicotlis    Westwood,     1869:     316; 

Westwood,  1874:   103,  pi.  3,  fig.  4;  Lea,  1910: 

219;  Lea,  1917:   147. 
PPolijplocotes  nigropiceus  Pic,  1903:   183. 

Distribution:  AUSTRALIA:  WESTERN 
AUSTRALIA  (Cue;  Swan  River;  Sorrento 
Beach,  Perth  District). 

Host:  Iridomyrmex  sp. 

Polyplocofes  longipes  Lea 
Polyplocotes  longipes  Lea,  1917:  152-153. 

Distribution:  AUSTRALIA:  WESTERN 
AUSTRALIA  (Derby). 

Host:   Cremotogaster  sp. 

Po/yp/ocofes  nitidus  Westwood 

Polyplocotes  nitidus  Westwood,  1869:   316;  West- 
wood,  1874:   103,  pi.  3,  fig.  5;  Lea,  1910:  219. 

Distribution:  AUSTRALIA:  WESTERN 
AUSTRALIA  (Swan  River). 

Hosi:    Unknown.   Collected  with  ants. 

Polyplocotes  ovipennis  Lea 

Polyplocotes  ovipennis  Lea,  1914:  256-257. 

Distribution:  AUSTRALIA:  SOUTH 
AUSTRALIA  (Lake  Callabonna,  Central 
Australia ) . 

Ho.st:    Unknown. 

Po/yp/ocofes  perforafus  Lea 

Polyplocotes    pcrforatus    Lea,    1917:    150-151,    pi. 
12,  figs.  7-8. 

Distribution:  AUSTRALIA:  WESTERN 
AUSTRALIA  (Beverley). 

Host:  Unknown.  Collected  in  nests  of 
ants. 


Polyplocofes  scabricoilis  Lea 
Polyplocotes  scabricollis  Lea,  1917:  151-152. 

Distribution:     AUSTRALIA:     NORTH- 
ERN TERRITORY  (Stapleton). 

Ho.st:    Unknown.   Collected  in  ant  nest. 

Po/yp/ocofes  sulcifrons  (Lea), 
NEW  COMBINATION 

Hexaplocotes  .sulcifrons    Lea,    1906:    224-225,   pi. 

18,   fig.   8;   Lea,    1917:    150;   Clark,    1921:    104; 

Tillvard,  1926:   215,  pi.  16,  fig.  13. 

Distribution:    AUSTRALIA:  WESTERN 
AUSTRALIA  (Beverley;  Newcastle;  Perth). 

Host:  Iridomyrmex  conifer  Forel. 

Ecfrephes  Pascoe 

Ectrephe.s  Pascoe,  1866:  xvi;  Westwood,  1869:  315. 
Type  species,  by  monotypy,  Ectrephes  formi- 
carum  Pascoe. 

Anapestus  King,  1866:  317;  Westwood,  1869:  315 
(proposed  synonymy  with  Ectrephes).  Type 
species,  by  monotypy,  Anapestus  kreusleri  King 
{=  Ectrephes  formicarum  Pascoe). 

Monectrephes  Mjoberg,  1916:  3;  Lea,  1917:  145 
(proposed  synonymy  with  Ectrephes).  Type 
species,  by  present  designation,  Ectrephes  pas- 
coei  Westwood. 

Pseudectrephes  Pic,  1929:  35  (proposed  as  a  sub- 
genus of  Ectrephes);  Schenkling,  1935:  4  (raised 
to  rank  of  genus).  Type  species,  by  monotypy, 
Ectrephes  clavatus  Mjoberg. 

Included  species:  3. 

Ecfrephes   clavafus   Mjoberg 

Ectrephes  clavatus  Mjoberg,  1916:  14,  fig.  5. 

Ectrephes  (Pseudectrephes)   clavatus,  -Pic,  1929: 

35. 

Distribution:   AUSTRALIA:  WESTERN 
AUSTRALIA  (Swan  River). 

Host:   Iridomyrmex  nitidus  Mayr. 

Ecfrephes  formicarum   Pascoe 

Ectrephes  formicarum  Pascoe,  1866:  xvi-xvii; 
Westwood,  1869:  315;  Westwood,  1874:  104, 
pi.  3,  fig.  1;  Lea,  1910:  222;  Lea,  1919:  256, 
pi  25  figs.  41-42;  Zeck,  1920:  246,  pi.  19,  fig. 
1;  Clark,  1921:  103;  Tillyard,  1926:  215,  pi.  16, 
fig.  15. 

Anapestus  kreusleri  King,  1866:  317,  pi.  16;  West- 
wood,  1869:   315  (syn.). 
Distribution:    AUSTRALIA:   SOUTH 

AUSTRALIA;    WESTERN    AUSTRALIA 

(Jandakot;  Perth;  Swan  River). 
Hosts:    Iridomyrmex  conifer  Forel;  Rhy- 

tidoponera  metallica  (F.  Smith). 
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Ecfrephes  pascoei  Westwood 

Ectrcphe.s    pascoei     Westwood,     1869:     315-316; 

Westwood,  1874:   104,  pi.  3,  fig.  3. 
Mouc'ctrcphe.s  pascoei,  -  Mjoberg,  1916:  3. 

Distribution:    AUSTRALIA:  WESTERN 

AUSTRALIA  (Swan  River). 

Host:   Unknown. 

Enasiba  Oil  iff 

Enasiha  Ollitf,   1886:    838-839.    Type  species,  by 
m(mot>p\ ,  Enasiba  tri.sti.s  Olliff. 

Included  species:   2. 

Enasiba   microcera   Clark 

Euasihd  luicroccra  Clark,   1923:   44-46. 


Distribution:   AUSTRALIA:  WESTERN 
AUSTRALIA  ( Bunbury;  Busselton). 
Host:   Iridonujrmex  conifer  Forel. 

Enasiba   frisfis  OH  iff 

Enasiba  tri.sti.s  Olliff,  1886:  839;  Lea,  1919:  254, 
pi.  25,  figs.  37-38;  Zeck,  1920:  245,  pi.  19,  fig! 
2;  Clark,  1921:  103;  Clark,  1923:  46;  Tillyard, 
1926:  215,  pi.  16,  fig.  12. 

Distribution:  AUSTRALIA:  WESTERN 
AUSTRALIA  (King  George's  Sound;  Perth; 
Swan  River). 

Host:    Iridomynnex  conifer  Forel. 


LIST  OF  ANT  HOST  SPECIES  AND  ASSOCIATED  INQUIUNES 

Fonnicidae  Ptinidae 

Ponerinae 
Ectatommini 

Rhytidoponera  hilli  Crawley  D.  myrmecophihis  (Lea) 

R.  metallica  (F.  Smith)  D.  familiaris  (Olhff) 

E.  formicantm  Pascoe 
Rhytidoponera  sp.  D.  minutus  Oke 

Myrmicinae 
Crematogastrini 

Crematogaster  ashmeadi  iMayr  G.  floridanus  Bkitchley 

C.  butteli  Forel M.  butteli  Wasmann 

C.  laeuiceps  F.  Smith  D.  carinaticeps  (Lea) 

D.  Jaticornis  (Lea) 
D.  similis  (Oke) 

C.  limata  dextella  Santschi G.  meinerti  Wasmann 

C.  sanguined  Iucaya7ia  Wheeler G.  floridanus  Blatchley 

C.  victimo  F.  Smith G.  formicicola  Westwood 

Crematogaster  sp.  G.  formicicola  West\vood 

D.  intricatus  (Lea) 
P.  cremastogastri  (Lea) 
P.  longipes  Lea 
Dolichoderinae 
Tapinomini 

Iridomyrmex  conifer  Forel D.  carinaticeps  (Lea) 

D.  foveicoUis  Olliff 

D.  longicornis  (Lea) 
P.  sulcifrons  (Lea) 

E.  formicarum  Pascoe 
E.  microcera  Clark 

E.  tri^tis  Olliff 
7.  nitidiceps  Andre D.  familiaris  (Olliff) 
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I.  nitidus  Mayr  D.  fomiJiaris  (Olliff) 

D.  laticomis  (Lea) 

E.  clacatus  Mjoberg 

7.  nifonioer  (Lowne)  D.  cimeiformis  (Oke) 

Iridomyrmex  sp.  D.  opicalis  (Oke) 

D.  intricatus  (Lea) 
D.  kingi  (Westwood) 
D.  laticomis  (Lea) 
D.  Jongicornis  (Lea) 
D.  mctoUicus  (Lea) 
D.  stri^icoUis  Lea 
P.  longicoUis  \\'estwood 

Formicinae 
Plagiolepidini 

Acantholepis  capensis  Mayr D.  formicoh  Peringuey 

Anoplolepis  custodiens  ( F.  Smith)  D.  formicoh  Peringuey 

A.  steingweveri  (Forel)  D.  formicoh  Peringuey 

Oecophvllini 
OecophyUo  smoragdina  (Fabricius)  D.  mijrmecophihis  (hea.) 

Camponotini 
Camponotus  {Mijrmobrachys)  senex 

(F.  Smith)  F.  horgmeieri  Lawrence  and  Reichardt 

C.  (Myrmothrix)  bugnioni  Forel  F.  uhcclcri  Lawrence  and  Reichardt 

C.  (Myrmothrix)  renggeri  Emery F.  horgmeieri  Lawrence  and  Reichardt 
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Plate  1.  Figs.  1-10.  Facial  region  (clypeus,  labrum,  and  mandibles)  of  various  Ptinidae.  Fig.  1.  Diplocotes  familiaris  (Ol- 
liff).  Fig.  2.  Ptinus  californicus  Pic.  Fig.  3.  Diplocotidus  formicola  Peringuey.  Fig.  4.  Diplocotes  laticornis  (Lea).  Fig.  5. 
Enosifaa  tristis  Olliff.  Fig.  6.  Polyplocotes  longicotl'n  Westwood.  Fig.  7.  Diplocotes  carinaticeps  (Oke).  Fig.  8.  Diplocotes 
kingi  (Westwood).     Fig.  9.     Ectrephes  pascoei  Westwood.     Fig.     10.     Ectrepbes  formicarum   Pascoe. 
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Plate  2.  Figs.  11,  12.  Maxilla.  Fig.  11.  Plinus  fur  Linnaeus.  Fig.  12.  Ectrephes  formicarum  Poscoe.  Figs.  13,  14.  Man- 
dible. Fig.  13.  Ectrephes  iormicarum  Pascoe.  Fig.  14.  Pf/nus  fur  Linnaeus.  Figs.  15-22.  Antenna.  Fig.  15.  Ectrephes  for- 
micarum  Pascoe.  Fig.  16.  Enasibo  tristis  Olliff.  Fig.  17.  Diplocotes  foveicollis  Olliff.  Fig.  18.  Polyphcotes  /ong/co/lis 
Westwood.  Fig.  19.  Diplocotes  laticornis  (Lea).  Fig.  20.  Ectrephes  poscoei  Westwood.  Fig.  21.  Diplocotes  familiarls 
(Olliff).  Fig.  22.  Po/yplocotes  sulcifrons  (Lea).  Figs.  23-28.  Aedeagus  (with  basal  piece  removed).  Fig.  23.  Diplocotes 
familiaris  (Olliff).  Fig.  24.  Diplocotes  hticorriis  (Lea).  Fig.  25.  Ectrephes  Iormicarum  Pascoe.  Fig.  26.  D/p/ocot/dus  formi- 
cola  Peringuey,  ventral.     Fig.  27.    Same,   lateral. 
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Pla^e  3.  Figs.  28-34.  Pronofum  of  various  myrmecophilous  Ptinidae.  Fig.  28.  Ectrephes  formicarum  Poscoe.  Fig.  29.  Dip- 
locotidus  formicola  Peringuey.  Fig.  30.  Diplocotes  laticornis  (Lea).  Fig.  31.  Dip/ocofes  longicornis  (Lea).  Fig.  32.  Diplo- 
cofes  famillarls  (Olliff).  Fig.  33.  Po/yp/ocofes  perforatus  Lea.  Fig.  34.  Polyp/oco/es  longicol/is  Westwood.  Fig.  35.  Dip- 
locotes cuneiformis  (Oke). 
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HOST  RELATIONSHIPS   IN   NORTH  AMERICAN 
FUNGUS-FEEDING  MOTHS  (OECOPHORIDAE, 
OINOPHILIDAE,  TINEIDAE) 


JOHN   F.   LAWRENCE  AND  JERRY  A.   POWELL^ 


ABSTRACT 

Feeding  habits  and  habitat  preferences 
are  discnssed  for  19  species  of  North  Amer- 
ican Microlepidoptera  known  to  occur  in 
wood-rotting  fungi.  A  brief  section  on  host 
fungi  and  the  nature  of  the  fungus  sub- 
strate is  followed  by  a  general  discussion 
of  host  ranges.  Detailed  biological  infor- 
mation is  included  under  each  species. 
Oinophihi  v-flava  and  members  of  the 
Oecophoridae  are  considered  to  be  gen- 
eral scavengers  utihzing  fungi  occasionally, 
while  the  Tineidae  include  obligate  fungus- 
feeders,  occurring  mainly  in  Polyporaceae. 
Among  the  Tineidae,  some  species  {Moro- 
phaga  crypfophori)  appear  to  be  host- 
specific,  while  others  (Nemapogon  dcjec- 
tdlus )  are  ecologically  restricted  but  utilize 
a  number  of  host  fungi.  Certain  fungus 
species,  such  as  Pohjporm  gihus  and  P. 
miinzii,  are  frequently  inhabited  by  tineids, 
while  P.  versicolor  and  certain  others  serve 
only  as  incidental  hosts. 

INTRODUCTION 

A  fungus-feeding  habit  has  long  been 
recognized  for  certain  Microlepidoptera, 
particularly  Tineidae.  Information  about 
host  relationships   has  been  based  mainly 
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on  European  species,  and  knowledge  of 
the  feeding  habits  of  North  American  spe- 
cies has  lagged  far  behind  that  of  their 
Palaearctic  counterparts.  Forbes  ( 1923),  for 
example,  gives  only  a  few  unidentified  host 
records  for  fungus-feeding  tineids  of  the 
northeastern  United  States,  and  no  fungus 
associations  are  given  for  Oecophoridae. 
There  have  been  few  subsequent  reports 
to  fill  out  this  gap  in  our  knowledge.  In 
contrast,  fungus  hosts  are  known  for  a 
number  of  British  oecophorids  (e.g.,  Mey- 
rick,  1895),  and  numerous  rearing  records 
are  available  for  many  of  the  European 
fungus-feechng  tineids  (Hinton,  1956; 
Petersen,  1957,  1958;  Zagulajev,  1964). 

In  the  course  of  a  rearing  program  for 
insects,  particularly  Coleoptcra,  associated 
with  Polyporaceae  and  other  wood-rotting 
fungi,  during  1960-1963,  a  number  of 
tineids  were  reared  from  various  poh'pores 
collected  in  Oregon,  California,  and  Ari- 
zona. Although  subsequent  collections  were 
made  especially  to  obtain  information  on 
the  moths,  many  of  the  records  given  below 
are  by-products  of  a  survey  for  Ciidae  and 
other  fungus-inhabiting  Coleoptera.  Con- 
sequently, owing  to  the  rearing  methods, 
moths  were  obtained  primarily  when  nearly 
mature  larxae  were  incidentally  taken  with 
the  fungus  sample.  As  a  result,  many  of  the 
collections  produced  only  one  or  a  few 
individuals,  creating  problems  in  the  identi- 
fication of  the  moths. 
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Although  many  European  species  in 
these  moth  groups  have  been  reared  on  a 
number  of  occasions,  reports  on  these  hax'e 
often  included  onh'  vague  host  identifica- 
tions (i.e.,  "wood  fungus,"  "fungus  on  oak," 
"bred  from  Polyporus"),  and  no  effort  has 
been  made  by  previous  workers  to  elimi- 
nate doubtful  records  or  to  analyze  host 
ranges  for  individual  moth  species.  During 
the  present  stud\'  we  have  stressed  this 
aspect  of  the  biology.  Since  there  have  been 
\'ery  few  reports  on  North  American  species, 
there  are  no  literature  records  that  we  have 
had  to  consider  suspect. 

All  of  the  moths  involved  in  this  study 
feed  on  Polyporaceae,  but  for  some  of  them 
the  polypores  appear  to  be  only  incidental 
hosts.  Although  some  of  the  Oecophoridae 
are  probably  general  scavengers,  the  tineids 
are  for  the  most  part  obligate  associates  of 
wood-rotting  Basidiomycetes.  A  few  records 
are  known  from  Ascomycetes.  Schutze 
( 1931 )  reported  that  Nemapogon  orcellus 
( Fabricius )  feeds  in  the  small  brown  sporo- 
phores  of  Ilypoxyloji  fuscutn.  During  this 
investigation,  a  number  of  collections  of 
Hypoxylon  thouanianum  were  f)rocessed, 
but  the  only  tineids  reared  appeared  to  be 
incidental  associates.  One  other  species  of 
Lepidoptera,  a  pyralid  moth,  was  found  to 
use  Hypoxylon  as  a  principal  host  (Powell, 
1967).  Several  European  species  of  Nerna- 
pogon  have  also  become  adapted  to  human 
habitats  and  may  be  found  feeding  in  dried 
mushrooms,  grain,  dried  fruit,  and  cork. 

TECHNIQUES 

In  most  of  the  earlier  collections,  sporo- 
phores  were  removed  from  the  substrate 
and  brought  into  the  laboratory.  At  times 
tineids  may  be  reared  in  large  numbers 
using  this  system,  particularly  when  the 
sporophores  are  large,  but  additional  field 
work  during  the  years  1964-66  has  shown 
that  moth  larvae  are  frequently  located  in 
the  bark  or  other  woody  substrate  under- 
lying the  fungal  fruiting  body.  Most  of  our 
later  collections  have  involved  caged  logs, 
branches,  or  bark  chunks  with  sporophores 


and   sterile  fungus   tissue   under   the  bar 
or  protruding  from  cracks. 

W^ax-lined  cardboard  cartons  to  which 
moisture  is  added  every  few  days  have 
pro\'ed  to  be  suitable  housing  for  larger 
fungus  collections.  These  cartons  must  be 
opened  daily  during  periods  of  active 
emergence,  because  tineids  do  not  con- 
sistently mo\'e  out  towards  the  light  and 
into  emergence  vials,  as  do  most  moths. 
For  smaller  collections  "Tupperware"  trays 
with  tight  fitting  lids  proved  effective  in 
preventing  moisture  loss. 

In  addition  to  our  own  collections,  we 
have  included  records  from  specimens 
bearing  host  labels  the  source  of  which 
could  not  be  checked.  Thus  some  of  the 
records  from  older  pinned  specimens  may 
not  be  accurate.  In  Table  1,  a  distinction 
is  made  between  verified  and  non-verified 
host  associations.  In  the  sections  presenting 
biological  data,  the  abbreviations  "emgd." 
(emerged)  and  "r.f."  (reared  from)  are 
used.  The  number  of  specimens  reared  is 
not  accorded  special  significance.  In  many 
cases,  emergences  of  only  one  or  a  few  in- 
dividuals may  be  attributed  to  the  condi- 
tions of  collection  or  rearing,  as  explained 
above. 

In  our  own  collections  (JFL  and  JAP 
lot  numbers  given  in  the  data),  representa- 
tive samples  of  the  fungi  were  separated 
and  allowed  to  dry  for  identification  pur- 
poses. Host  determinations  were  provided 
by  specialists  cited  in  the  acknowledgments. 
As  the  study  progressed,  we  developed 
index  collections  of  the  fungi  and  identified 
some  of  the  more  common  species  our- 
selves. 

THE  HOST  FUNGI 

Since  an  attempt  will  be  made  to  deter- 
mine the  degree  of  host  or  habitat  prefer- 
ence exhibited  by  fungus-feeding  moths, 
it  will  be  useful  to  examine  the  nature  of 
the  fungus  substrate,  the  classification  of 
the  host  fungi,  their  distributional  and  eco- 
logical ranges,  and  the  possible  factors 
which  might  be  involx'cd  in  the  selection 
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of  particular  fungi  as  feeding  or  oviposition 
sites.  All  of  the  fungus  species  encountered 
in  this  study  cause  decay  in  wood)'  plants, 
and,  with  the  exception  of  the  ascomxcete 
Hypoxylon  thoiiarsianui7i, they  are  advanced 
members  of  the  Basidiomycetes  (families 
Agaricaceae,  Thelephoraceae,  and  Poly- 
poraceae )  in  which  the  h\'menium  or  spore- 
bearing  surface  forms  part  of  a  rclati\eh' 
large  and  persistent  fruiting  bod\'  or  sporo- 
phore.  Often  the  major  portion  of  the  fruit- 
ing body  consists  of  sterile  hyphal  tissue 
and  is  called  the  context;  it  is  this  part  of 
the  sporophore  which  is  utilized  as  food 
by  many  insect  species. 

Classification.  In  recent  years  several 
attempts  have  been  made  to  revise  the 
classification  of  the  Poh^oraceae  and  re- 
lated families,  using  microstructure  (Cun- 
ningham, 1965)  and  cultural  characters 
(Nobles,  1958,  1965),  in  addition  to  the 
general  habitus  of  the  fruiting  body  and 
the  characteristics  of  the  hymenium  and 
spores.  At  present,  however,  no  system  has 
been  widely  accepted;  numerous  generic 
names  have  been  proposed,  and  the  appli- 
cation of  a  particular  name  \'aries  from 
author  to  author.  Because  of  this  confusion, 
some  authorities,  such  as  Lowe  and  Gilbert- 
son  (1961a,  b),  have  found  it  more  con- 
venient to  use  the  older  concepts  of  Fries 
and  others  until  an  acceptable  generic 
classification  has  been  dexeloped.  Cunning- 
ham (1947)  points  out  that  many  of  the 
Friesian  concepts  are  relatively  useless,  and 
he  gi\'es  as  examples  certain  species  of 
polypores  which  \-ary  to  the  extent  that 
they  could  be  placed  in  any  one  of  five 
genera.  Labels  such  as  "ex  Pohjponis"  or 
"ex  Fomes"  on  fungus-bred  insect  speci- 
mens are  of  little  or  no  value  in  determining 
host  relationships  and  are  excluded  from 
consideration  here.  At  the  species  level, 
however,  the  North  American  polypores  are 
fairly  well  known,  and  several  current 
manuals  are  available  (Lowe,  1957,  1966; 
Lowe  and  Gilbertson,  1961a,  b;  Overholts, 
1953). 

The  following  is  a  list  of  host  fungi  from 


which  North  American  tineids  have  been 
reared: 

ASCOMYCETES,  XYLARIACEAE 

Hypoxylon     thouarsiamim     (Leveille) 
Llo>d 

(=  Hypoxylon  occidentale  Ellis  and 
Everhart) 

BASIDIOMYCETES,  AGARICACEAE 

ArmiUaria  mellea  (Vahl)  Quelet 

BASIDIOMYCETES, 
THELEPHORACEAE 
Sterciim  lursutum  Willdenow  ex  Fries 

BASIDIOMYCETES,  POLYPORACEAE 

Dacdalca  microsticfa  Cooke 

Fomcs  igniariiis    (Linnaeus   ex  Fries) 

Kickx 
Fomes    officinalis    (\^illars    ex    Fries) 

Faull 
Fomcs  pini  (Thore  ex  Persoon)  Lloyd 
Fomcs    pinicola     (Swartz     ex    Fries) 

Cooke 
Ganoderma   applanatum    (Persoon   ex 

\\'allroth )  Patouillard 
Ganoderma  brownii  (Murrill)  Gilbert- 
son 
Ganoderma      lohatum       (Schweinitz) 

Atkinson 
Lenzifes  bettdina  (Linnaeus  ex  Fries) 

Fries 
Mcridius  americaniis  Burt 
Pohjporus  adustus  W'illdenow  ex  Fries 
Polyporus  amartis  Hedgcock 
Pohjporus  anceps  Peck 
Polyporus  circinatus  Fries 
Polyporus  dryophdus  Berkeley 
Polyporus  n^ilvus  (Schweinitz)  Fries 
Polyporus  hirsutus  \\\ilfen  ex  Fries 
Polyporus  7nurizii  Lloyd 
Polyporus  sulphureus  Bulliard  ex  Fries 
Polyporus  versicolor  Linnaeus  ex  Fries 
Pohjporus  volvafus  Peck 
Polyporus  vulpinus  Fries 
Poria  versipora  (Persoon)  Romell 
Trametes  hispida  Baglietto 

The  genus  Mcrulius  has  a  doubtful  place 
among  the  pol>"pores  and  has  been  placed 
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in  a  separate  family  by  some  authorities; 
some  species  superficialh'  resemble  Sfcrcum 
and  other  Thelephoraceae  in  ha\ing  a  thin 
context  and  relatively  continuous  hymenial 
surface  (\ery  shallow  pores).  The  species 
of  Ganodcrma  are  all  closeh'  related  and 
seem  to  form  a  natural  group.  The  remain- 
der of  the  pohpores  above  represent  a  di- 
verse assemblage,  but  at  least  three  natural 
units  can  be  recognized  that  do  not  corre- 
spond to  the  generic  groupings  presented 
here.  Fomes  igniarius,  F.  pini,  and  PoJtj- 
poriis  gilviis  ha\e  rather  hard  and  woody, 
often  perennial,  sporophores  in  which  the 
context  is  distinctly  reddish  brown  or  yel- 
lowish brown,  turning  black  with  the  ap- 
plication of  KOH  solution;  these  species 
have  been  placed  in  the  genus  PhcUinus 
Quelet  by  some  authorities  ( Bondarzew, 
1953).  Pohjpoiiis  circinatiis,  P.  drijophilus, 
P.  vidpiniis,  and  P.  numzii  also  have  a 
brownish  context  that  reacts  similarly  with 
KOH,  but  sporophores  are  annual,  the  tex- 
ture is  not  as  hard  and  woody,  and  older 
specimens  tend  to  crumble;  these  species 
are  sometimes  included  in  the  genus  Ino- 
notus  Karsten.  Nobles  (1958)  places  both 
of  these  groups  in  the  same  section  on  the 
basis  of  cultural  characters.  Poh/porus 
versicolor,  P.  liirsiitus,  Lenzites  bcfidina, 
and  Trametes  hispida  have  a  whitish  or 
tan  context  with  a  fibrous  or  punky  texture 
and  a  complex  (trimitic)  hyphal  system; 
these  and  a  number  of  other  species  seem 
to  form  a  natural  group  that  roughly  cor- 
responds to  the  genus  Corioliis  Quelet. 

Tlie  fungus  substrate.  Two  features 
shared  by  all  of  these  fungi  are:  1)  their 
association  with  woody  plants,  and  2)  the 
relative  toughness  and  durability  of  the 
fruiting  body.  In  contrast  to  the  terrestrial 
members  of  the  Agaricaccae  and  Boleta- 
ceae,  these  wood-rotting  fungi  usually  occur 
off  the  ground  on  living  or  dead  trees,  logs, 
and  stumps,  and  the  fruiting  body  is  less 
susceptible  to  water-logging  and  rapid  bac- 
terial and  fungal  decay.  The  context  is 
often  woody  or  fibrous,  and  even  in  the 
annual  species  the  fruiting  body  may  be 


persistent  throughout  the  year.  As  a  result, 
the  habitat  formed  is  suitable  for  a  number 
of  Lepidoptera  and  Coleoptera  which  have 
a  relatively  long  life  cycle  but  are  capable 
of  feeding  within  a  tough  and  often  dry 
substrate.  In  addition,  the  base  of  the 
sporophore  is  continuous  with  the  wood, 
which  has  been  chemicall\-  altered  by  the 
fungus  mycelium;  this  permits  the  occa- 
sional use  of  the  fruiting  bod\"  by  insects 
which  normally  occur  in  rotting  wood  or 
conversely  provides  an  alternate  substrate 
for  feeding  or  pupation  by  insect  inhabi- 
tants of  the  sporophores.  As  mentioned 
above,  a  number  of  moth  larvae  have  been 
found  within  the  wood. 

Factors  involved  in  host  or  habitat  selec- 
tion. Important  in  the  present  study  are 
those  factors  common  to  only  one  or  a 
few  of  the  fungi  which  might  make  them 
suitable  for  or  preferred  by  some  insect 
species  but  not  others.  These  include  the 
structure  of  the  fruiting  body  itself,  the 
type  of  rot  produced  in  the  wood,  the  char- 
acteristics of  the  host  trees,  and  the  nature 
of  the  general  habitat  in  which  the  fungus 
is  normally  found. 

One  obvious  character,  briefly  mentioned 
above,  is  the  color  of  the  sporophore,  which 
is  a  reflection  of  its  chemical  composition. 
Lawrence  (1967)  and  Pa\'iour-Smith  {in 
lift. )  have  found  that  certain  species  of  the 
beetle  family  Ciidae  occur  onh"  on  those 
fungi  with  brownish  sporophores.  The 
species  of  Ganodcrma  and  the  PhcUinus 
and  Inonotus  groups  all  have  brownish 
fruiting  bodies,  while  in  all  of  the  other 
polypores  listed  above,  the  context  is  whit- 
ish to  pale  brown  and  does  not  tmn  black 
in  KOH.  The  fruiting  body  of  ArmiUaria 
mcUca  has  a  light  colored  context,  while 
Hypoxylon  thouarsianum  produces  a  brown- 
ish sporophore,  which  turns  black  and 
cinder-like  with  age. 

The  texture  of  the  fruiting  body  varies 
considerably,  but  it  is  often  difficult  to 
characterize.  Paviour-Smith  (1960)  and 
Lawrence  ( unpublished  data )  ha\"e  noted 
that  a  number  of  ciid  beetles  are  restricted 
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to  fungi  with  a  trimitic  hyphal  system  and 
a  whitish  or  pale  context  {Pohjporus  versi- 
color and  its  relatixes).  It  is  possible,  how- 
ever, that  the  nature  of  the  h\phal  system 
is  not  directly  correlated  with  texture,  and 
the  type  or  extent  of  extracellular  adhesive 
material  or  the  thickness  of  the  hyphal 
walls  ma\'  be  as  important  as  the  presence 
of  binding  hyphae.  This  matter  is  compli- 
cated by  the  fact  that  texture  (as  well  as 
chemical  composition)  \'aries  with  age  and 
moisture  conditions.  In  some  species 
(Fomcs  pinicoki,  the  PheUinus  group) 
older  specimens  become  hard  and  woody, 
in  some  (Gonoderma,  the  Coriohis  group) 
they  are  firm  but  fibrous  or  punky,  in  some 
( Inonotus  group )  they  may  be  more  loosely 
fibrous,  tending  to  break  up  easily,  and  in 
others  {Pohjporus  sidphureus  and  Forties 
officinalis)  they  may  be  chalky  or  friable. 
In  his  discussion  of  the  successive  changes 
taking  place  in  the  fruiting  bodies  of  poly- 
pores,  Graves  (1960)  makes  a  distinction 
between  those  sporophores  growing  in  wet 
conditions  (stage  4b)  and  those  which 
have  been  allowed  to  dry  out  (stage  4a). 
In  a  fungus  such  as  Ganoderma  applana- 
tum.  there  is  a  distinct  difference  between 
wet  and  dry  fruiting  bodies,  and  this  is 
reflected  in  the  composition  of  the  insect 
fauna. 

The  size  and  thickness  of  the  sporophore 
and  its  persistence  determine  the  amount 
of  food  available  to  sustain  the  insect  popu- 
lation when  the  wood  cannot  be  used  as 
an  alternative  substrate.  Species  of  Fomcs 
and  Ganoderma  often  produce  massive 
fruiting  bodies  which  are  often  perennial, 
foiTning  new  layers  each  year;  sporophores 
of  most  of  the  other  species  are  annual  and 
vary  in  size.  In  Siereum  and  Mcndius  the 
context  is  very  thin,  in  Pohjporus  adustus, 
P.  gilvus,  and  the  Coriohis  group  it  is  some- 
what thicker,  and  in  P.  amarus  or  P.  dryo- 
philtis  it  may  be  quite  thick.  Some  species, 
such  as  P.  p,dvus  and  P.  adustus,  have  rela- 
tively small  fruiting  bodies,  but  large  num- 
bers of  them  often  occur  together  connected 
by  sheets  of  sterile  tissue;  in  other  species, 


such  as  P.  volvatus  and  H.  thouarsianum, 
they  are  always  small  and  isolated  from 
one  another.  Although  P.  sulphur eus  or 
Armillaria  mellea  are  usually  ephemeral 
and  the  woody  Fomcs  usually  persistent,  it 
is  difficult  to  determine  the  relative  dur- 
abilit)'  of  most  fruiting  bodies  because  of 
the  effects  of  moisture  conditions,  bacterial 
and  fungal  breakdown,  and  the  damage 
produced  by  the  numerous  species  of  fun- 
gus-feeding insects. 

Most  species  of  polypores  hav^e  relatively 
wide  host  ranges,  but  a  few  are  host  spe- 
cific and  most  others  occur  primarily  either 
on  gymnosperms  or  angiosperms.  The  two 
types  of  decay  produced  are  the  white  or 
delignifying  rot  and  the  brown  or  carbon- 
izing rot.  P.  amarus  occurs  exclusively  on 
Lihoccdrus  decurrcns,  where  it  causes  a 
brown  rot,  P.  vulpinus  and  P.  munzii  pro- 
duce white  rot  in  Populus  and  Salix,  and  G. 
brownii  usually  grows  on  living  or  dead 
Umhcllularia  californica.  The  species  oc- 
curring primarily  on  gymnosperms  are  M. 
amcricanus,  F.  pinicola,  F.  officinalis,  F. 
pini,  P.  circinatus,  P.  sulphurcus  (in  west- 
ern North  America),  P.  volvatus,  and  P. 
anceps:  of  these  F.  pinicola,  F.  officinalis, 
and  P.  sulphureus  produce  brown  rots.  P, 
gilvus,  P.  dnjophdus,  P.  versicolor,  and  the 
rest  of  the  species  listed  above  occur  pri- 
marily on  angiosperms,  and  all  produce 
white  rots. 

Since  little  work  has  been  done  on  the 
detailed  distribution  or  local  abundance  of 
fungus  species,  notes  on  the  general  habi- 
tat must  be  based  mainl\'  on  our  own  ob- 
servations and  restricted  to  the  more 
common  species.  H.  thouarsianum,  S.  hirsu- 
tum,  P.  dnjophilus,  P.  gilvus,  P.  adustus, 
and  P.  versicolor  are  all  fairly  common  on 
Quercus  and  other  hardwoods  in  mesic 
areas  along  the  Pacific  Coast  and  Sierran 
foothills;  in  the  same  areas  Ganoderma 
brownii  commonly  occurs  on  Umbcllularia. 
Coastal  and  montane  coniferous  forests 
provide  the  habitat  for  F.  pinicola,  F.  pini, 
P.  amarus,  P.  volvatus  and  other  fungi  on 
gymnosperms.  P.  vulpinus  occurs  from  xerv 
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low  elevations  to  high  montane  regions, 
but  it  is  usually  foiuid  in  relatively  dry  situ- 
ations in  association  with  Popuhis:  in  con- 
trast, its  closest  relative,  P.  drijophHus,  oc- 
curs on  Qiiercus  in  more  inesic  situations. 
The  two  most  characteristic  fungi  encoun- 
tered in  the  low  arid  parts  of  California 
and  Arizona  are  P.  miinzii  and  T.  liispida, 
which  occur  on  Popiihis  Frcinontii  and 
Salix  spp.  Further  generalizations  cannot 
be  made  because  of  lack  of  records,  and 
those  aboxe  must  certainly  be  considered 
tentative. 

HOST  RANGES  OF  THE  MOTHS 

Almost  without  exception,  the  fungus 
species  are  more  widespread  than  the  in- 
sects that  feed  in  them.  Many  of  the  hosts 
are  Holarctic  or  even  cosmopolitan  in  dis- 
tribution and  occur  on  a  wide  variety  of 
tree  species.  The  distributions  of  the  moths 
are  not  determined  b\'  those  of  their  hosts, 
since  the  Lepidoptera  in  most  cases  are 
neither  limited  to  a  single  species  of  fungus 
nor  as  widespread  as  the  fungi  on  which 
they  occur.  Thus  both  host  selection  and 
geographical  distribution  appear  to  be  re- 
lated to  ecological  factors  other  than  food. 

Among  the  18  species  of  Lepidoptera 
encountered  during  this  study,  those  which 
were  reared  at  four  or  more  localities  pro- 
vide the  data  for  the  assessment  of  host 
preference  in  the  following  discussion.  In- 
formation available  in  the  literature  and  on 
most  older  specimens  is  of  little  use  in 
developing  generalizations  concerning  host 
specificity.  Either  no  specific  fungus  deter- 
mination has  been  given  or  the  moth  identi- 
fication can  be  considered  suspect  owing 
to  the  premature  state  of  taxonomy  at 
the  time. 

In  our  investigation  we  have  considered 
some  fungi  as  "incidental  hosts"  because 
the  sporophores  are  seasonal  and  either 
decay  relatively  quickly  or  harden  severely. 
It  seems  likely  that  the  fruiting  bodies  of 
some  fungi  are  not  adequate  to  support 
populations  of  the  moths  on  a  continuous 
basis  over  a  period  of  years.  It  is  assumed 


that  polypores  with  large,  perennial  sporo- 
phores or  with  t>pically  aggregated  smaller 
ones,  connected  by  exposed  sterile  tissue, 
provide  necessary  population  reservoirs 
from  which  indi\iduals  move  out  to  estab- 
lish colonies  in  less  permanent  substrates. 
Hypoxylon  thouarskinum,  for  example,  has 
produced  moths  in  about  25  per  cent  of 
our  collections  of  it.  In  each  case,  how- 
e\'er,  only  one  or  a  few  adult  Lepidoptera 
(Miierged,  and  the  fungus  was  found  grow- 
ing in  association  with  sporophores  of 
another  species  occupied  by  tineids  in 
greater  numbers.  This  suggests  that  the 
small  and  isolated  fruiting  bodies  of  Hiipox- 
yJon,  which  become  relati\'ely  hard  during 
the  dry  season,  cannot  support  permanent 
populations  of  tineid  moths  in  the  eco- 
logical situations  we  have  observed.  A  com- 
parable situation  probably  exists  with  many 
Thelephoraceae  and  Pohporaceae  as  well, 
either  because  the  fruiting  bodies  are  not 
persistent  {PoJijporus  sulphureus)  or  be- 
cause they  usually  offer  only  sparse  larval 
habitats  {Pohj))onis  versicolor,  Sfereiim 
Jiirstitiim).  Rearing  records  from  these 
"incidental  hosts"  may  mask  generaliza- 
tions about  host  range  or  host  specificity. 

It  is  likely  that  many  insects  normally 
occurring  on  fungi  may  under  given  condi- 
tions feed  on  a  variety  of  other  substances. 
Thus,  the  European  Ncmapogon  ^rancUus 
has  been  recorded  feeding  in  various  stored 
food  products,  such  as  grain,  meal,  and 
dried  mushrooms,  as  well  as  on  Polypora- 
ceae  in  nature  (Schutze,  1931;  Hinton, 
1956).  The  ciid  beetle,  C/.s  hidentotus 
(Olivier),  has  been  reared  on  stale  bread 
and  orange  rinds  in  the  laboratory  ( Flet- 
cher, 1895),  although  it  normally  feeds  on 
Poly  poms  hetulinus  and  certain  other  fungi 
( Paviour-Smith,  1960).  Similarly,  it  may 
be  expected  that  in  the  field,  substrates 
other  than  the  principal  host  fungus  will 
occasionally  serve  as  food  material.  In  one 
such  case,  the  sporophore  of  a  w^ood-rotting 
agaric,  Arniillaria  mellea,  was  found  to 
harbor  a  colony  of  Nemapogon  dcfectclhis. 
This  moth  had  been  reared  from  Tramctcs 
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hispida  at  the  same  site  on  a  pre\'ioiis 
occasion.  It  is  assumed  that  the  ephemeral 
nature  of  the  AnniUaria  fruiting  body  ehm- 
inates  any  possibiht>'  of  a  moth  popula- 
tion depending  entirely  upon  this  host.  The 
same  is  probably  true  of  other  wood-rotting 
Agaricaceae,  such  as  Flcurotus  ostrcatiis, 
which  we  sampled  several  times  without 
finding  any  evidence  of  Lepidoptera 
activity. 

Criteria  developed  by  Lawrence  (1967) 
to  evaluate  possible  incidental  host  records 
for  Ciidae  are  not  easily  applicable  to 
Microlepidoptera.  In  that  study  the  pres- 
ence of  10  or  more  adults  or  one  or  more 
immatures  was  taken  as  evidence  of  a 
breeding  colony.  Collections  involving  only 
a  few  adults  were  considered  incidental. 
Using  this  method,  Ceracis  tJioracicornis 
(Ziegler),  for  example,  was  found  to  have 
breeding  records  for  only  14  of  the  30 
species  of  fungi  from  which  it  had  been 
taken.  During  the  present  investigation  the 
numerical  density  of  lar\ae  was  not  as- 
sessed. Adults  reared  indicate  the  presence 
of  larvae  or  pupae  at  the  time  of  collection, 
but  in  negative  samples  the  possible  pres- 
ence of  young  larvae  that  were  unable  to 
complete  their  development  under  the 
rearing  conditions  cannot  be  ruled  out.  The 
actual  number  of  individuals  reared  is  not 
a  consistent  index  of  larval  density  owing  to 
differences  in  the  size  of  fruiting  bodies, 
sample  size,  maturity  ot  larvae  at  the  time 
of  collection,  and  the  treatment  of  the 
sample  after  collection.  Thus  for  the  moths, 
consistent  low  numbers  of  individuals 
reared  can  be  used  only  as  supplementary 
evidence  that  a  particular  host  is  incidental. 

Oecophoridac.  In  the  Oecophoridae  few 
rearings  have  been  conducted  under  careful 
surveillance  enabling  recognition  of  the 
feeding  substrate  of  even  mature  larvae. 
Nothing  is  known  about  the  oviposition  be- 
havior or  the  feeding  sites  of  young  larvae. 
In  general,  it  appears  that  fungus-feeding 
oecophorids  and  Oinophila  have  broader 
feeding  ranges  than  fungus-feeding  tineids. 
Some    may   be   scavengers    in    abandoned 


insect  galleries,  possibly  only  or  mainly 
when  the  debris  is  moldy,  and  the  use  of 
wood-rotting  fungi  as  a  lar\'al  habitat  may 
be  incidental.  This  is  true  for  Endrosis 
sarcitrcUa,  probably  is  true  for  Borkhau- 
senia  fuscescens,  and  may  be  for  B.  color- 
adclla.  The  last  species  will  feed  in  bark, 
at  least  in  diseased  spots  and  during  the 
construction  of  pupation  galleries.  Borkhau- 
senia  qiiadriniaculella  may  have  similar 
habits  but  apparently  is  limited  to  conif- 
erous tree  associations. 

The  four  records  available  for  Eumey- 
rickia  trimaculcUa  have  involved  sporo- 
phores  of  Polyporaceae,  and  this  species 
may  be  found  to  be  limited  to  these  hosts, 
possibly  with  narrow  ecological  restrictions 
limiting  the  range  of  species  used,  as  in  the 
case  of  some  tineids. 

Tincidae.  The  Tineidae  considered  here, 
b\'  contrast,  are  strictly  fungus  feeders  in 
the  larval  stage  and  are  associated  primarily 
with  polypores. 

A  discussion  of  host  ranges  in  North 
American  tineids  must  be  prefaced  by  a 
mention  of  the  premature  state  of  the  tax- 
onomy of  this  group  at  the  present  time. 
For  the  Palaearctic  region,  Hinton  ( 1955, 
1956),  Petersen  (1957,  1958),  and  Zagula- 
jev  (1959,  1960,  1964)  have  provided  a 
sound  basis  for  systematic  work  in  the 
Tineidae.  The  concepts  used  by  these 
workers,  howe\'er,  have  not  previously  been 
applied  to  American  members  of  the  family, 
and  the  arrangement  of  genera  in  present 
checklists  is  more  or  less  superficial,  dating 
back  to  the  work  of  Dietz,  shortly  after  the 
turn  of  the  century. 

Thus  the  genus  Tinea,  as  listed  by  Mc- 
Dunnough  (1939),  included  a  diverse  as- 
semblage of  members  of  two  or  three  sub- 
families of  Old  \\'orld  authors.  Both  animal 
and  plant  product  feeders  are  represented, 
including  most  of  the  Nearctic  species  that 
are  congeneric  with  the  European  Nema- 
poa,on,  the  largest  Holarctic  group  of 
fungus-feeders.  A  few  species  representing 
other  nemapogonine  genera  were  encoun- 
tered during  this  study,  but  their  generic 
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assignments  in  our  treatment  should  ho 
considered  tentative. 

A  series  of  species  treated  in  the  Ameri- 
can hterature  under  the  genus  name  Scar- 
dia  were  also  reared  in  the  course  of  our 
\\ork.  Although  these  arc  not  congeneric 
u  ith  Scardia  poh/pori  of  Europe,  they  are 
members  of  the  Scardiinae.  For  the  pur- 
poses of  the  present  stud>\  it  seems  best 
to  lea\e  them  assigned  to  '^Scardia"  rather 
than  propose  a  new  genus  for  them. 

At  the  species  level  there  remain  some 
unsobed  problems  relative  to  the  moths 
treated  below.  These  have  been  discussed 
elsewhere  (Powell,  196Sa).  Type  material 
of  nearly  all  American  species  of  Scardii- 
nae and  Nemapogoninae  have  been 
examined,  but  genital  characters  of  most 
ha\'e  not  been  studied.  In  addition,  several 
of  Chambers's  species  are  based  on  speci- 
mens which  may  be  no  longer  extant.  The 
fact  that  most  Nearctic  members  of  both 
of  these  subfamilies  were  originally  de- 
scribed from  eastern  states,  while  vii'tually 
all  of  our  material  is  western,  has  also 
affected  the  recognition  of  species.  As  a 
result,  two  or  three  of  the  forms  discussed 
below  may  eventually  be  found  to  repre- 
sent undescribed  species  where  an  old 
name  is  here  applied.  In  these  cases,  how- 
ever, pre\'iously  described,  related  species 
ha\'e  no  known  fungus  associations,  so  that 
our  speculations  on  host  ranges  should  not 
be  affected  by  subsequent  changes  in  no- 
menclature. Preparations  and  comparisons 
of  genitalia  ha\'e  been  made  for  representa- 
tives of  all  series  reared;  thus,  conclusions 
on  species  limits  within  our  material  are 
accurate,  even  if  changes  in  the  inteipreta- 
tion  of  names  are  applied  later. 

Table  1  summarizes  host  association  in- 
formation given  below  in  the  "biological 
data"  for  13  species  of  Tineidae.  Numbers 
without  parentheses  represent  records 
which  we  consider  "verified,"  whether  one 
or  many  moths  were  reared.  Verified 
records  include  all  our  own  collections 
(those  designated  with  JFL  or  JAP  lot 
numbers   in   the   data),    a   few   collections 


made  by  contemporary  workers  where  host 
determinations  can  be  considered  accurate, 
and  those  from  museum  collections  where 
identifiable  samples  of  the  host  fungus 
were  prcserxed  with  the  moths.  Numbers 
in  parentheses  represent  records  from  the 
literature  or  from  specimens  that  are  not 
\erified  as  to  host  identification. 

An  "index  of  productiveness"  is  given  for 
each  fungus  species  of  which  more  than 
four  collections  were  made.  This  represents 
the  ratio  of  the  number  of  verified  records 
for  a  particular  fungus  to  the  total  number 
of  collections  made  of  that  fungus.  Since 
more  than  one  species  of  lineid  may  be 
reared  from  a  single  lot,  a  \'alue  greater 
than  1.0  is  theoretically  possible.  A  strong 
collecting  bias  was  shown,  especially  dur- 
ing the  early  part  of  the  study,  for  Poltjp- 
orns  versicolor  and  certain  other  fungi 
that  ha\'e  a  greater  number  of  ciid  beetles 
associated  with  them.  These  collections 
were  purposely  not  kept  damp,  and  woody 
substrate  subtending  the  sporophores 
usually  was  not  taken.  By  contrast,  species 
such  as  Pohjporus  giloiis,  which  are  not 
productixe  for  Ciidae  in  California,  were 
not  emphasized  early  in  the  study.  Subse- 
quently, they  have  proved  to  be  principal 
hosts  of  tineids,  and  the  collecting  of  them 
has  increased,  with  more  emphasis  being 
placed  on  proper  rearing  methods  for 
moths.  Thus  index  values  given  in  the  table 
may  not  be  entirely  comparable  between 
species,  but  they  should  serve  to  indicate 
the  more  consistently  used  fungus  types. 
It  can  be  seen  from  these  index  values  that 
certain  fungi,  especially  the  related  Poli/p- 
ortis  .2//f».s  (0.75)  and  P.  miinzii  (0.57), 
are  more  frequently  inhabited  bv  tineids 
than  are  others  (e.g.,  Stercuni  liirsiifum, 
0.09;  Forncs  pinicola,  0.05;  or  Pohjporus 
versicolor,  0.03). 

Among  species  with  indices  higher  than 
the  overall  average  of  0.19,  Hypoxylon 
thoiiarsianwn  (0.25)  and  Polyporus  sid- 
phureus  (0.33)  have  been  discussed  above 
and  classified  as  "incidental  hosts."  In  the 
case  of  the  former,  the  high  index  is  prob- 
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ably  due  to  the  frequent  occurrence  of 
this  species  in  close  association  with  Poli/p- 
oni.s  p,i]vii.s  on  dead  Quercus  apifoJia. 
Fohjporus  sulphiircus,  on  the  other  hand, 
sometimes  harbors  large  colonies  of  Nema- 
pogon,  and  in  ecological  situations  where 
sporophores  are  more  persistent  this  species 
may  constitute  a  principal  host. 

Pohjporiis  volcatii.s  (0.19)  constitutes  a 
special  case,  since  it  is  the  principal  host 
of  Morophaga  cryptophori  but  probably 
serves  as  an  incidental  host  for  other 
tineids.  Excluding  records  for  M.  crypto- 
phori, P.  volvatus  has  an  index  of  only 
0.04. 

The  Tineidae  appear  to  comprise  two 
groups  with  reference  to  their  host  ranges: 
a )  host  specific  species,  and  b )  ecologically 
restricted  species,  which  utilize  various 
wood-rotting  fungi  as  they  become  avail- 
able in  the  habitat.  We  found  no  species 
with  both  broad  host  acceptance  and  wide 
ecological  tolerance,  so  that  it  occurred  to- 
gether \\ith  se\'eral  other  species.  Five 
species  of  Nemapogon  were  represented 
in  the  more  than  90  productive  collections 
listed  in  our  data,  but  in  no  case  did  more 
than  two  species  of  Nemapogon  share  the 
same  host  species  in  sympatry.  Among  the 
13  species  of  Tineidae  reared,  no  single 
collection  included  more  than  two  species, 
although  all  four  moths  using  P.  versicolor 
were  taken  in  central  California  Coastal 
Transition  Zone  localities  and  certainly 
could  occur  together.  The  highest  number 
of  moth  species  recorded  for  a  single 
fungus  was  four  (P.  sulphiircus  and  H. 
tluniarsianum^  in  addition  to  P.  versicolor). 
It  is  interesting  that  all  three  of  these  are 
considered  to  be  incidental  for  at  least  two 
of  the  tineids  involved. 

Ho.st  specific  species.  The  best  example 
of  apparent  host  specificity  is  that  of 
Morophaga  cryptophori,  which  has  been 
reared  at  nine  widely  scattered  California 
localities  from  Polyporiis  volvatus  and  was 
originally  described  from  that  fungus  in 
Idaho.  Most  of  our  collections  yielded  only 
one  or  two  adults  each,  but  the  small  size 


of  P.  volvatus  sporophores  may  be  a  causal 
factor  in  the  low  numerical  density  of 
laivae.  About  15  per  cent  of  our  collections 
of  P.  volvatus  were  productive  for  this 
moth,  while  all  of  the  other  fungi,  such  as 
Fomes  pinicola,  occurring  in  the  same 
conifer  associations  were  negative  for  it. 

A  second  possible  host  specific  species  is 
Nemapogon  oregonellus.  On  three  separate 
occasions  this  species  has  been  reared  from 
Polyporiis  amarus,  a  fungus  which  is  spe- 
cific to  Libocedrus  decurrens.  A  fourth  rec- 
ord from  Fomes  pini  on  Pseudotsuga  was 
a  Hopkins'  collection  involving  an  appreci- 
able series  of  reared  adults.  Presuming 
the  identification  is  correct,  Fomes  pini 
might  be  an  incidental  or  occasional  host 
for  this  moth  species. 

Ecologically  limited  species.  Most  of  the 
Tineidae  encountered  during  this  study  fall 
into  this  category.  A  spectrum  from  narrow 
to  rather  broad  ecological  tolerance  is 
shown,  but  no  species  is  so  catholic  in  oc- 
currence that  it  can  be  expected  in  any 
wood-rotting  fungus  in  both  boreal  and 
austral  areas,  for  example,  throughout 
California. 

The  best  examples  of  ecological  isola- 
tion are  those  of  our  two  most  commonly 
sampled  species,  Nemapogon  molyhdancl- 
liis  and  N.  defectelhis.  The  latter  is  an 
austral  species.  Two  of  our  collections  of  it 
were  made  in  Transition  Zone  localities, 
while  10  of  the  collections  are  from  Upper 
Sonoran  situations.  The  species  occurs  in 
fungi  on  Salix  or  Populiis  growing  along 
stream  beds  in  arid  or  semi-arid  regions. 
Nemapogon  mohjbdanellus,  by  contrast, 
has  been  reared  at  19  localities  ranging 
from  Coastal  Transition  Zone  to  the  Cana- 
dian Zone  at  6000  feet  in  the  Sierra  Nevada. 
Although  16  fungus  species  are  recorded 
for  these  two  Nemapogon,  Polyporiis  siil- 
phureus  is  the  only  host  common  to  both, 
and  this  fungus  is  probably  an  incidental 
food  plant  in  both  cases.  These  two  moths 
could  occur  together  at  a  dry  Transition 
Zone  site,  such  as  the  oak  woodland  of  the 
Inner    Coast    Range    in    California.    Both 
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have  been  collected  at  Mt.  Diablo,  Contra 
Costa  County,  in  similar  situations,  but  the 
two  have  not  been  found  coinhabiting  the 
same  fungus.  ''Scardia"  firacdis  seems  to 
have  a  range  similar  to  that  of  N.  mohj- 
I)danclliis\  but  no  generalizations  can  be 
made  about  the  remaining  species  treated 
below  due  to  the  paucity  of  rearing  records. 
On  the  basis  of  the  data  presented  here, 
it  appears  that  the  majority  of  fungus- 
feeding  Tineidae,  at  least  in  western  North 
America,  are  polyphagous,  and  that  only 
one,  Moropha^a  cniptophoru  is  host  spe- 
cific. It  also  appears  that  Poli/ponis  [idvus 
and  certain  related  brownish  fimgi,  such 
as  P.  ynunzii,  are  frequently  inhabited  by 
Tineidae,  and  that  P.  versicolor  and  its 
relatives  are  not  common  hosts  of  these 
moths.  This  may  by  contrasted  with  the 
situation  in  the  beetle  family  Ciidae. 
Paviour-Smith  (1960)  and  Lawrence  (1967) 
have  shown  that  ciids  often  prefer  a  certain 
group  of  related  fungi,  such  as  the  Pohip- 
orus  versicolor  group  (CorioJiis)  or  the 
P.  iidvus  group  (Phclliniis).  Almost  every 
species  of  tineid  encountered  in  this  studv 
was  reared  from  fungi  belonging  to  both 
groups.  Moreover,  P.  gilvtis  and  other 
lirownish  fungi,  in  western  North  America, 
are  rarely  inhabited  by  Ciidae,  while  P. 
versicolor  is  a  common  host  and  may  harbor 
up  to  seven  species  in  central  California. 

TINEIDAE 
NEMAPOGONINAE 

Nemapogon  granellus   (Linnaeus) 

Tinea  ^raucUa  Linnaeus,  1758,  Syst.  Nat.,  eel.   10, 

1:  573. 
'Nemapogon  granellus;  Petersen,  1957,  Beitr.  Ent., 

7:  68. 

This  species  has  become  adapted  to  a 
wide  variety  of  habitats  associated  with 
man's  activities,  in  addition  to  occurring 
on  a  variety  of  Polyporaceae.  Known  as  a 
grain  moth  to  Linnaeus,  N.  granellus  has 
been  transported  with  commerce  to  man\' 
parts  of  the  world,  and  it  has  been  recorded 
from  such  diverse  situations  as  dried  mush- 


rooms, cork,  dried  fruit,  and  plant  bulbs 
(Hinton,  1956). 

Nemapogon  granellus  probably  has  been 
established  on  the  west  coast  of  North 
America  for  a  century  or  more,  but  its 
occurrence  there  has  not  been  documented. 
Our  collections  suggest  that  the  species 
has  become  established  in  a  diverse  array 
of  natural  habitats  in  the  coastal  joarts  of 
California.  We  have  not  encountered  the 
species  at  higher  elevations  in  the  state. 

Biological  c/flfa.-CALIFORNIA:  ALA- 
MEDA CO.:  Berkeley,  VITLl-27,  3  <?  <5  ex 
mushrooms  in  storage  (E.  C.  Van  Dyke); 
same  locality,  V-20-51,  2  i  S  ex  mummified 
peach  (W.  W.  Middlekauff );  same  locality, 
VII-19-60,  1  9  r.f.  Ganoderma  hrotvnii  on 
Acacia  (J.  F.  Lawrence,  JFL  645);  U.  C. 
Campus,  Berkeley,  Vn-30-65,  2i  ^  ,  1  9  r.f. 
Poli/porus  hirsufus  on  Qiiercus  agrifolia, 
emgd.  Vin-12-65  (J.  Powell,  JAP  65G4); 
Berkeley  Hills  nr.  Claremont  Cyn.,  11-10-67, 
1  (^  ,  1  9  r.f.  Hypoxylon  occidentale  [=  H. 
thouarsianum]  on  Quercus  agrifolia,  emgd. 
11-28,  IIL31-67  (J.  Powell,  JAP  67B4); 
same  locality,  11-14-67,  3  6  S  ,l9  r.f.  Quer- 
cus agrifolia  bark  and  log  with  Hiipoxijlon 
occidentale,  emgd.  III-3  to  IV-9-67"  (J. 
Powell  and  P.  A.  Rude,  JAP  67B6,  B7); 
same  locality,  V-2-67,  3  5  <?  ,  1  9  ,  flying  6:00 
PM  assoc.  with  fallen  Quercus  agrifolia  and 
Hi/j)Oxt/lon  occidentale  (J.  Powell);  Pied- 
mont, XII-66,  1  S  r.f.  oleander  branch  with 
black  scale,  emgd.  11-13-67  (K.  S.  Hagen). 
MARIN  CO.:  Mill  Valley,  IX-18-56,  1  S  r.f. 
Lithocarpus  densiflorus  log  (H.  B.  Leech); 
Alpine  Lake,  1-19-67,  1  9  r.f.  Poh/porus  gil- 
vus,  emgd.  11-27-67  (P.  A.  Rude,  JAP 
67A10).  MONTEREY  CO.:  Carmel,  V-15- 
60,  1  <5  ,  2  9  9  r.f.  Polyporus  circinatus  on 
Pinus  radiata,  emgd.  VI-10-60  (J.  F.  Law- 
rence, JFL  571).  RIVERSIDE  CO.:  River- 
side, III-4-61,  i  S  9  9  r.f.  Polyporus  sulphur- 
eus  on  Eucalyptus,  emgd.  III-24-61  (P.  H. 
Timberlake)."SAN  MATEO  CO.:  1  mi.  E 
La  Honda,  III-31-61,  1  9  r.f.  Polyporus  gil- 
vus  on  Umbellularia  californica,  emgd.  IV- 
10-61  (W.  Azevedo,  JFL  784);  Menlo  Park, 
XI-5-59, 1  5  ,  2  9  9  i\i.  Polyporus  sulphtireus 
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(C.  Duncan).  SANTA  BARBARA  CO.: 
Prisoner's  Harbor  Creek,  Santa  Cruz  Island, 
V-1-66,  i  S  9  9  r.f.  Polyponis  p,ilvus  on 
Qiicrciis  ap-ifolia,  emgd.  VI-15  to  \TII-26- 
66  (J.  Powell  and  J.  \\o\i,  JAP  66E3). 

Nemapogon   molybdonellus   (Dietz) 

Tinea  moh/bdanella  Dietz,  1905,  Trans.  Amer.  Ent. 

Soc,  31:  61. 
Nemapogon    mohjhdanellus;    Powell,    1968,    Pan- 

Pac.  Ent.,  43:  293. 

This  species,  which  was  originally  de- 
scribed from  Pasadena,  California,  has  been 
the  most  commonly  encountered  fungus 
moth  in  our  sur\c>\  It  is  geographically 
and  ecologically  widespread  in  California, 
hax'ing  been  collected  from  sea  le\'el  up  to 
6000  feet  in  the  Sierra  Nevada.  We  have 
reared  N.  mohjhdaneUus  from  about  a 
dozen  species  of  Polyporaceae  and  Xylaria- 
ceae. 

Biological  f/ofo.-CALIFORNIA:  ALA- 
MEDA CO.:  Berkeley,  V-29-60,  1  ^  ,  1  9  r.f. 
Porta  versipora  on  Umbelhilaria  califomico, 
emgd.  VI-16-60  (J.  F.  Lawrence,  JFL  581); 
Oakland,  1  S  r.f.  Pohiporus  Pcer.sicolor, 
emgd.  IV-15-60  (no  further  data);  Oakland 
Hills  ( Redwood  Rd.),  II-9-66,  3  <?  $  ,  29  9 
r.f.  Hypoxylon  occidentale  f=  H.  thouarsia- 
num]  on  Quercus  agrifolia,  emgd.  11-29  to 
V-11-66  (J.  Wolf,  JAP  66B9);  same  data, 
1  <i  r.f.  Polyponis  versicolor  on  Quercus 
agrifolia,  emgd.  I\'-15-66  (J.  Wolf,  JAP 
66B1I).  CONTRA  COSTA  CO.:  Tildcn 
Park,  Berkeley  Hills,  IX- 10-62,  1  S  r.f.  Pohj- 
porus  achisfus  (P.  deBenedictis,  JFL  1102); 
same  locality,  II-4-66, 2  9  2  r.f.  Fomcs  igniar- 
ius  on  Quercus  agrifolia,  emgd.  IV-1  to  IV- 
15-66  (A.  J.  Slater  and  J.  \\  olf,  JAP  66B16); 
Russell  Property,  4  mi.  NE  Orinda,  XII- 
31-66,  6  c5  2  9  r.f.  Ganoderma  Pbrownii  on 
Quercus  agrifolia.  emgd.  1-26  to  III-22-67, 
IV-3  to  IV-20-67,  V-1-67  (J.  Powell,  JAP 
67A5);  6  mi.  S  Clayton,  1-22-61,  2  6  6,2 
9  2  r.f.  Poly  poms  sulphur  cus  on  Quercus 
agrifolia,  emgd.  II-3  to  11-27-61  (J.  F.  Law- 
rence, JFL  748).  MARIN  CO.:  Alpine 
Lake,  VII-7-66,  3  6  6,  2  9  9  ri.  Polyponis 
gilmis  on  PLithocarpus,  emgd.  VllI-18  to 


IX-22-66  (P.  A.  Rude  and  J.  Wolf,  JAP 
66G4);  1  mi.  S  Inverness,  10-17-66,  1  6  r.f. 
Polyponis  giJvus  on  Quercus  agrifolia,  emgd. 
V- 16-66  (J.  Wolf,  JAP  66C16);  same  data, 
1 9  r.f.  Ganoderma  applanatum  on  Vm- 
beUularia  calif ornica,  emgd.  V-24-66  (J. 
Wolf,  JAP  66C18).  MONTEREY  CO.:  Big 
Sur,  IV-16-61,  1  9  r.f.  Polyponis  gilvus  on 
Umhellularia  calif  ornica  (J.  F.  Lawrence, 
JFL  795).  SANTA  BARBARA  CO.:  6  mi. 
SE  Lompoc,  VII-9-65.  6  6  9  9  r.f.  Polyponis 
gilvus  on  Quercus  agrifolia,  emgd.  VIII-10 
to  VHI-30-65  (J.  Powell.  JAP  65G3);  same 
locality,  1-17-66,  6  6  9  9  r.f.  Polyponis  gil- 
vus on  Quercus  agrifolia,  emgd.  11-11  to 
III-22-66  (J.  Powell,  JAP  66A17^\18);  same 
data,l  6  r.i.  Hypoxylon  occidentale  on  Quer- 
cus agrifolia,  emgd.  11-17-66  (J.  Powell,  JAP 
66A22 ) ;  same  locality,  IV-23-66,  1  5  , 1  9  r.f. 
Polyponis  gilvus  on  Quercus  agrifolia, 
emgd.  IV-24-66  (J.  Powell,  JAP  66D24); 
Prisoner's  Harbor  Creek,  Santa  Cruz  Is- 
land, V-1-66,  5$  6,59  9  r.f.  Polyponis  gil- 
vus on  Quercus  agrifolia,  emgd.  VI-15  to 
VIII-26-66  (J.  Powell  and  J.  Wolf,  JAP 
66E3);  same  data,  29  9  r.f.  Hypoxylon  occi- 
dentale on  Quercus  agrifolia,  emgd.  VII-13- 
66  (J.  Wolf,  JAP  66E5);  Prisoner's  Harbor, 
Santa  Cruz  Is.,  V-1-66,  1  6  r.f.  Hypoxylon 
occidentale  on  Quercus  agrifolia,  emgd.  VII- 
13-66  (J.  Powell,  A.  J.  Slater,  J.  WoU,  JAP 
66E4);same  data, 4  6  6  ,2  9  9  r.f.  Polyponis 
gilvus  on  Quercus  agrifolia,  emgd.  V-5-66, 
VI-16  to  VII-26-66  (J.  Powell,  A.  J.  Slater, 
J.  Wolf,  JAP  66E8).  SONOMA  CO.:  2.5 
mi.  S  Cazadero,  11-25-66,  6  6  99  r.f.  Poly- 
ponis gilvus  on  Alnus,  emgd.  III-25  to  V-11- 
66,  VIII-26,  lX-9-66  (A.  J.  Slater  and  J. 
^^"olf,  JAP  66B41);  Mark  West  Creek,  12 
mi.  NW  St.  Helena,  11-18-66,  U  ,  2  9  9  r.f. 
Polyporus  adustus  on  Alnus,  emgd.  III-25 
to  V-6-66  (A.  J.  Slater  and  J.  \\o\i,  JAP 
66B28);  2  mi.  NW  Cloverdale,  VII-2-66, 
1  6  r.f.  Polyporus  volvatus  on  Pintis,  emgd. 
VII-26-66  (P.  A.  Rude,  JAP  66G1).  TE- 
HAMA CO.:  9  mi.  N  Mineral,  V-20-66, 
6  6  9  9  r.f.  Fomes  officinalis  on  Abies 
magnifica,  emgd.  VI-8  to  IX-22-66  (J. 
Powell,  A.  J.  Slater,  J.  Wolf,  JAP  66E19). 
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TUOLUMNE  CO.:  Crane  Flat,  VI-16-61, 
1  9  r.f.  Fomes  pinicola  on  A])ics  concolor 
(].  F.  Lawrence,  JFL  832);  Dardanclle,  Yl- 
13-62,  2  6  $  ,  l9  r.f.  Fomes  pinicola  on 
Abies  (J.  F.  Lawrence,  JFL  1009). 

Nemapogon  apicisignatellus  (Dietz) 

Tinea    aj)ici.si<^iiatcUa    Diet/.,    1905,    Trans.    Amer. 

Ent.  Soc,  31:  65. 
Nemapogon    apicisignatellus;    Powell,    1968,    Pan- 

Pac.  Ent.,  43:  295. 

The  three  collections  of  this  species 
made  during  our  study  are  from  Pohpora- 
ceae  occurring  in  similar  Transition  Zone 
situations.  However,  the  species  was  orig- 
inalh'  described  from  Pennsylvania,  and 
if  our  identification  is  correct  (Powell, 
1968a),  N.  opicisignatclhis  probably  occu- 
pies more  di\'erse  habitats  in  other  parts 
of  its  range. 

The  Canadian  National  Collection  has 
specimens  which  appear  to  be  this  species, 
reared  from  Ganoderma  applanatum,  from 
Bell's  Corners,  Ontario,  V-30-59  (E.  C. 
Becker ) . 

Biological  data. -OREGON:  DOUGLAS 
CO.:  10  mi.  SW  Camas  Valley,  X-24-62, 
S  S  9  9  r.f.  Pohjporus  adtistiis  on  Alnus, 
emgd.  XI-19-28-62  (I  F.  Lawrence,  JFL 
1126).  LANE  CO.:  Eugene,  XII-25-61, 
S  S  9  9  r.f.  Pohjporus  dnjophilus  on  Qucr- 
ciis,  emgd.  1-27  to  II-2-62  ( D.  H.  Janzen, 
JFL  986).  CALIFORNIA:  SANTA  CRUZ  CO.: 
5  mi.  N  Felton,  V-29-66,  S  S  9  9  r.f.  Poly- 
vonis  adustiis  on  Quercus  agrifolia,  emgd. 
VII-6  to  lX-22-66  (A.  J.  Slater,  JAP  66E26). 

Nemapogon   oregonellus   (Busck) 

Tinea   oregoncUa    Busck,    1900,    Jour.    N.    Y.   Ent. 

Soc,  8:  246. 
Nemapogon    oregonellus;    Powell,    1968,    Pan-Pac. 

Ent.,  43:  295. 

The  four  records  available  for  N.  ore- 
gonellus are  of  fungi  associated  with 
Douglas  fir  and  incense  cedar.  Essig 
(1926)  reported  that  this  species  breeds  in 
\\'oody  Pohjporus  "on  redwood  and  other 
coniferous  trees." 

Biological  data .—OREGO\^:  County  un- 
known,   nr.    Parker's    Station,    XI-17-1914, 


S  S  9  9  r.f.  Trametes  \=  Fomes]  pini  on 
Pscudotsuga  taxifolia  (P.  D.  Sergent,  Hopk. 
U.  S.  13206a).  CALIFORNIA:  MADERA  CO.: 
Yosemite  Nat'l.  Park,  V-34,  S  6  99  r.f. 
Pohjporus  anuirus  on  Li])Occdrus  decurrens 
[host  preserved  with  moths]  ( W.  H.  Lange, 
Jr.).  SAN  FRANCISCO  CO.:  San  Fran- 
cisco, V-7-1914,  5  5  9  2  r.f.  sporophore 
Poh/))orus  amarus  on  Libocedrus  decurrens 
(T.  D.  W'oodburv,  Hopk.  U.  S.  12176).  TE- 
HAMA CO.:  Round  Valley,  IX-1-61,  5$  $ 
r.f.  Pohjporus  amarus  on  L.  decurrens  (H. 
B.  Leech,  JFL  952). 

Nemapogon   defecfellus   (Zeller) 

Tinea  dejcctella  Zeller,  1873,  Verhandl.  Zool.-Bot. 

Ges.  Wien,  23:  220. 
Nemapogon    defectelhts;    Powell,    1968,    Pan-Pac. 

Ent.,  43:  295. 

This  species  was  first  described  from  San 
Francisco,  California,  and  is  now  known  to 
be  widespread  in  semi-arid  regions  of  the 
Southwest.  Our  records  generally  corrobo- 
rate information  available  in  the  literature 
concerning  its  biology.  Essig  (1926)  re- 
ported that  N.  dcfectellus  breeds  in  woody 
Poh/porus  growing  on  cottonwood  trees 
in  New  Mexico,  Arizona,  and  California; 
and  Linsley  and  Usinger  ( 1936 )  encoun- 
tered larvae  in  Pohjporus  rheades  [^=.  P. 
dryoplulus]  at  Mt.  Diablo  in  central 
coastal  California.  Bailey  (1935)  attributed 
the  scarcity  of  sporophores  of  P.  rheades 
at  Mt.  Diablo  to  the  effects  of  insects,  es- 
pecially N.  defectellus.  Bailey  mentioned 
that  the  lar\'ae  of  this  species  persist  even 
after  the  sporophores  are  extremely  dry. 

This  is  the  only  species  of  Nemapogon 
which  has  produced  an  appreciable  num- 
ber of  indi\'iduals  of  a  second  generation 
from  dr\'  fungus  material  in  the  laboratory 
during  our  study.  Whereas  other  snecies 
appear  to  be  se\'erely  affected  by  dr\'ino; 
of  the  substrate,  and  emergence  of  adults 
normally  takes  place  only  during  the  first 
few  days  or  weeks,  N.  defecfellus  has  con- 
tinued to  emerge  over  a  four  to  eight 
month  period  in  at  least  three  of  our  col- 
lections. This  represents  at  least  one  sub- 
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sequent  generation  resulting  from  the 
original  emerging  adults.  E\'idently  the 
species  has  become  adapted  to  living  in 
arid  regions  in  fungus  substrates  that  are 
intermittently  dry  and  available  only  in  a 
desiccated  condition. 

N.  defectelhis  is  the  most  austral  of  the 
Nemapogon  species  encountered  during  our 
investigation,  occurring  in  Transition  and 
both  Upper  and  Lower  Sonoran  Zone  sta- 
tions. The  species  seems  to  be  especiallv 
adapted  to  riparian  situations  in  arid  areas, 
occurring  on  Polyporaceae  associated  with 
Soli.x  and  Populus. 

Biological  data.— OREGOU:  County  un- 
kno\\ai.  Mistletoe,  III-27-1915,  S  S  9  9  r.f. 
"fungus  fruiting  body  on  black  oak"  (J.  M. 
Miller  and  P.  D.  Sergent,  Hopk.  U.  S. 
12194).  CALIFORNIA:  CONTRA  COSTA 
CO.:  Mt.  Diablo,  1-23-34,  <5  <i  9  9  r.f.  Poly- 
poms  rheodes  \=  P.  dn/ophihis\  (H. 
Bailey).  RIVERSIDE  CO.:  Riverside,  III- 
4-61,  S  S  9  9  r.f.  Pohiporiis  sulphurcus  on 
Eucalyptus,  emgd.  III-24-61  (P.  H.  Timber- 
lake);  4  mi.  E  Blythe,  1-26-64,  2s  Sr.i. 
Trametes  hi.spida  on  Populus  fremontii, 
emgd.  11-26-64  (].  F.  Lawrence,  JFL  1255). 
SAN  DIEGO  CO.:  Mission  Dam,  1-16-66, 
S  S  9  9  r.f.  Trametes  Phispida  on  Salix, 
emgd.  II-8  to  III-18-66  (J.  Powell.  JAP 
66A12,  A13);  same  locality,  VI-24-66, 
S  $  9  9  r.f.  Armillaria  mellca  sporophore 
on  Salix,  emgd.  VI-25-30-66,  <$  5  9  9  emgd. 
VIII-23  to  X-27-66,  1  i  emgd.  XII-5-66  (J. 
Powell,  JAP  66F12),  same  data,  2s  ^  ,  1  9 
r.f.  Trametes?  on  Salix,  emgd.  VII-20,  29, 
IX-9-66  (J.  Powell,  JAP  66F11).  ARIZONA: 
MARICOPA  CO.:  5  mi.  SE  Wickenburg,  1- 
26-64,  i  6  9  9  r.f.  Polyporus  munzii  on 
Salix,  emgd.  11-26  to  VII-64  (J.  F.  Law- 
rence, JFL  1257).  PIMA  CO.:  Sabino  Cyn., 
Santa  Catalina  Mts.,  1-27-64,  2>  $  $  ,  I  9'r.f. 
Polyporus  munzii  on  Salix  (J.  F.  Lawrence 
JFL  1260).  SANTA  CRUZ  CO.:  Patagonia, 
VIII-10-61,  1  c$  r.f.  Polyporus  munzii  on 
Populus  fremontii  (J.  F.  Lawrence,  JFL 
930);  4  mi.  NE  Patagonia,  1-29-64,  <$  <?  9  9 
r.f.  Polyporus  vulpinus  on  P.  fremontii, 
emgd.  V-VI-64  (J.  F.  Lawrence,  JFL  1280); 


2  mi.  SW  Patagonia,  XI-14-64,  5  ,J  9  9 
r.f.  Polyporus  munzii  on  Populus,  emgd. 
1-5  to  V-3-65  (C.  \Y.  O'Brien,  JAP  65A1). 
NEW  MEXICO:  CATRON  CO.:  9  mi.  S  Luna, 
VIl-31-61,  6  (^  9  9  r.f.  Polyporus  dryo- 
philus  on  Quercus  (J.  F.  Lawrence,  JFL 
874).  TEXAS:  BROWN  CO.:  Brownwood, 
XI-1-1919,  c?  (5  9  9  r.f.  "bracket  fungus  on 
mesquite"  (no  further  data). 

Homosefia   maculafella   Dietz 

Homosetia  maculatdla  Dietz,  1905,  Trans.  Amer. 
Ent.  Soc,  31:  84;  Powell,  1968,  Pan-Pac. 
Ent.  43:  297. 

As  indicated  elsewhere  (Powell,  1968a), 
the  status  of  this  species  is  uncertain  be- 
cause a  cotype  of  H.  maculatella  from 
Placer  County,  California,  may  not  be 
conspecific  with  the  worn  type  from  Penn- 
sylvania. Moreover,  since  the  California 
moth  lacks  conspicuous  upraised  scale  rows 
of  the  forewing,  it  may  not  be  congeneric 
with  other  members  of  Homosetia. 

Populations  here  referred  to  H.  macula- 
tella occupy  an  extremely  diverse  eco- 
logical range,  from  Upper  Sonoran  Zone  in 
the  Central  Valley  to  timberline  at  10,000 
feet  in  the  central  Sierra  Nevada.  Ap- 
parenth'  a  wide  range  of  fungus  substrates 
is  used,  probably  even  moldy  debris  asso- 
ciated with  decaying  wood. 

Biological  (i«frt. -CALIFORNIA:  ALA- 
MEDA CO.:  Hayward,  X-28-54,  2$  $, 
299  "from  fungi  on  damp  and  decaving 
wood"  (E.  G.  Linslev).  CONTRA  COSTA 
CO.:  6  mi.  SE  Clayton,  1-22-61,  5  5  $, 
399  r.f.  Polyporus  sulphureus  on  Quercus 
agrifolia,  emgd.  11-17-21-61  (J.  F.  Law- 
rence, JFL  748).  EL  DORADO  CO.:  Blod- 
gett  Forest  nr.  Georgeto\\'n,  Vl-28-65,  1  S 
r.f.  2  year  old  Pinus  jcffreyi  logs  with  moldy 
weex'il  galleries  (I.  Otvos  and  J.  H.  Borden, 
lAP  65H3).  MONO  CO.:  Saddlebag  Lake, 
10,500  ft.,  VII-7-62,  1^  r.f.  Serpula  ameri- 
cana  [:=  Merulius  americanus]  on  Pinus 
murrayana  (J.  F.  Lawrence,  JFL  1051). 
MONTEREY  CO.:  Carmel,  V-15-60,  1$ 
r.f.  Polyporus  circinatus  on  Pinus  radiata 
(J.     F.     Lawrence,    JFL    571).     SACRA- 
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MENTO  CO.:  Sacramento,  1-10-31,  S  S  r.f. 
"Porta  sp.",  emgd.  11-23  to  III-5-31  (A.  C. 
Browne,  #3121). 

TINEINAE 

Monopis  mycetophilella   Powell 

Monopis    mycetophilella    Powell,    1968,    Pan-Pac. 
Ent.,  43:  298. 

Although  a  general  biological  character- 
istic of  members  of  the  subfamily  Tineinae 
and  of  Monopis  is  the  use  of  animal  prod- 
ucts as  larval  food,  this  species  evidently 
normally  feeds  in  fungus  and  associated 
decaying  wood.  Our  specimens  were  ob- 
tained from  polypores  with  relatively  little 
decaying  wood  substrate  attached.  Accord- 
ing to  Forbes  (1923),  the  larva  of  a  closely 
related  species,  M.  croceoverficcUa  (Cham- 
bers), is  a  case  bearer  which  lives  exter- 
nally on  the  white  bracket  fungus  on  beech. 
A  Palearctic  species,  M.  fenestratella  ( Hey- 
den),  has  been  reared  from  decaying  wood 
and  old,  crumbling  Daednlca  quercinn 
(Polyporaceae)  (Meyrick,  1895;  Schutze, 
193l'). 

The  fungi  from  which  we  have  reared 
M.  mijcetophilcUo  are  two  of  our  more 
commonly  sampled  species,  indicating  that 
this  moth  probably  is  non-specific  in  host 
selection.  Its  scarcity  may  in  part  be  due  to 
a  single  generation,  late  flight  period, 
similar  to  that  of  Borkhausenia  coloradcUa. 
Most  of  our  Pacific  Coast  fungus  collections 
have  been  made  during  or  shortly  following 
the  rainy  season. 

Bioh0cal  data.-CM\?ORH\^^.  ALA- 
MEDA CO.:  Oakland,  VII-1-60,  U  r.f. 
Poli/poriis  versicolor  on  Qnercus  nii,rifolia, 
emgd.  VII-10-60  (M.  Lundgren,  JFL  635). 
CONTRA  COSTA  CO.:  2  mi.  SE  Canyon, 
IT-5-67,  2  i  i  r.f.  Pohiponts  i^iJvus  on  Quer- 
ctis  apifolia,  emgd.  V-1,  11-67  (J.  Powell, 
JAP  67B1). 

MEESSIINAE 
Celesfica   species 

As  discussed  previously  (Powell,  1968a), 
a  single  specimen  was  reared  during  our 


survey  that  appears  to  be  a  species  of  this 
genus.  Members  of  this  subfamily  feed  on 
lichens,  so  far  as  is  known,  occurring  on 
rock  walls  and  in  similar  situations  in  Eu- 
rope (Schutze,  1931).  No  species  of  the 
Nearctic  fauna  have  as  yet  been  referred 
to  the  series  of  genera  treated  as  Meessii- 
nae  by  Old  \\'orld  authors.  However,  some 
members  of  this  group  undoubtedly  do 
occur  in  North  America. 

Our  Cclestica  was  reared  from  bark  of 
Quercus  with  Stereum  (Thelephoraceae), 
which  \\'as  not  noted  to  have  any  lichen, 
but  mav  have  included  some. 

Bioloiiical  f/ofo.-CALIFORNIA:  SANTA 
BARBARA  CO.:  Prisoner's  Harbor,  Santa 
Cruz  Island,  V-1-66,  1  i  r.f.  Stereum  hirsii- 
tutn  on  Quercus  agrifolio,  emgd.  V-27-66 
(J.  Powell  and  J.  Wolf,  JAP  66E6). 

SCARDIINAE 

Morop/iaga   crypfophori  Clarke 

Moropha<^a    cn/ptophori    Clarke,    1940,    Bull.    So. 
Calif.  Acad.  Sci.,  39:   114. 

This  species  was  described  from  material 
reared  in  Idaho  from  Cnjptophorus  [^ 
PoJt/ponis]  volvatus.  During  the  present 
study  the  species  has  been  obtained  from 
the  same  host,  associated  with  Abies  and 
Pimis,  at  several  widely  scattered  stations 
in  California. 

It  appears  that  M.  crypfophori  is  a  host 
specific  feeder  on  P.  volvatus  and  is  wide- 
spread in  montane  areas  of  western  North 
America.  In  Europe,  M.  morella  (Dupon- 
chel),  the  only  other  member  of  the  genus, 
feeds  on  fungus  associated  with  nonconif- 
erous  plants,  including  mulberry  and 
Ephedra  (Dumont,  1930-  Petersen,  1957c). 

Biological  data. -CAl\FORH\ A:  EL  DO- 
RADO CO.:  N  of  Robb's  Peak,  6000  ft., 
VII-1-67,  5  $  S  r.f.  Poh/porus  volvatus  on 
Abies,  emgd.  VII-26,  27,  \TII-67  (J.  Povell 
and  R.  Stultz,  JAP  67G1,  3);  Blodgett  For- 
est, 13  mi.  E  Georgetown,  VH-9-67,  ^  ^  9  9 
r.f.  P.  volvatus,  emgd.  VII-(23-27)-67  (W.  J. 
Turner,  JAP  6705).  GLENN  CO.:  Pla.skett 
Meadows,  VII-31-65,  1  9  r.f.  Pohiporus  vol- 
vatus,   emgd.    VIII-27-65    (J.    T.    Doyen). 
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PLACER  CO.:  Squaw  Valley,  VIII-17-60, 
1  6  r.f.  Pohjporus  colcattis  on  Piuiis,  emgd. 
VIII-24-60"  (P.  deBenedictis,  JFL  661). 
RIVERSIDE  CO.:  Idyllwild,  VI-21-62,  1  9 
r.f.  Pohjporiis  volvotiis  on  Pinus,  emgd.  VII- 
10-62  (J.  F.  Lawrence,  JFL  1022);  Hinnber 
Park,  2  mi.  NE  Idyllwild,  VI-21-62,  1  $  r.f. 
Pohjporus  volvatits  on  Ahics  (J.  F.  Law- 
rence, JFL  1025).  SIERRA  CO.:  Yuba 
Pass,  vil-7-66,  7  S  i  ,  39  9  r.f.  Poli/ponis 
Pvolvotus  (W.  J.  Turner).  TRINITY  CO.: 
Scott  Mtn.  Summit,  5300  ft.,  19  airline  mi. 
N  Trinity  Center,  VII-5-63,  1  9  Y.LPoJi/ponis 
volvatus  (C.  D.  MacNeill  and  V.  White- 
head). TUOLUMNE  CO.:  Tuolumne 
Grove,  VII-21-61,  1  9  r.f.  Pohiporus  volvafus 
on  Ahics  concolor  (W.  E.  Ferguson,  JFL 
852). 

Diafaga  leptosceles  Walsingham 

Diataga  leptosceles  Walsingham,  1914,  Biol.  Cen- 
trali-Amer.,  Lep.  Het.,  4:  375. 

This  species  was  described  from  Jalapa, 
Veracruz,  Mexico,  and  it  may  be  that  not 
all  of  our  materia]  is  conspecific.  We  have 
only  two  females  representing  a  record  for 
the  species  in  Arizona  and  have  not  had 
typical  material  for  comparison  of  other 
than  external  features. 

The  tentative  identification  and  our  frag- 
mentary rearing  information  do  not  enable 
conclusions  on  host  selection  of  the  species. 
Specimens  identified  as  D.  leptosceles  in 
the  U.  S.  National  Museum,  collected  in 
Trinidad,  were  reared  from  a  species  of 
"Poh/ponis." 

BioIof^icoJ  f/flto.-ARIZONA:  COCHISE 
CO.:  15  mi.  E  Douglas,  VIII-5-61,  2  9  9  r.f. 
Pohiporus  vidpinus  on  Popuhis  fremontii 
(J.  F.  Lawrence,  JFL  908).  MEXICO:  VERA- 
CRUZ: Fortin  de  las  Flores,  XII-24-63,  2  9  9 
r.f.  Dncdalco  microsticta  (C.  A.  Toschi  and 
M.  J.  Tauber,  JFL  1254). 

Scardia   polypori   (Esper) 

As  discussed  elsewhere  (Powell,  1968a), 
most  of  the  North  American  species  cur- 
rently assigned  to  Scardia  probably  are  not 
congeneric  with  the  European  type  of  the 


genus,  S.  pohjpori.  Larval  characteristics 
of  one  species  indicate  that  they  are  Scar- 
diinae,  but  the  species  reared  during  our 
in\'estigation  are  not  referable  lo  any  Pale- 
arctic  genus.  They  are  pro\'isionally  re- 
tained as  ''Scardia"  until  taxonomic  assess- 
ment of  the  North  American  fauna  is 
possible. 

Several  Polyporaceae  have  been  reported 
as  hosts  of  S.  poh/pori:  Pohiporus  sulphur- 
eJIa  [=z  P.  sidphureus]  and  dead  wood  at- 
tacked by  fungi  in  England  (Hinton,  1956), 
Pohjporus  [=  Fomes]  fomenfarius  in  Ger- 
many ( Mitterberger  1910,  1911),  and 
Tramefes  gihhosa  and  Pohiporus  odustus  in 
Switzerland  (Rehfous,  1955b). 

^'Scardia"  coloradella   Dietz 

Scardia  coloradella  Dietz,  1905,  Trans.  Amer.  Ent. 

Soc,  31:  25. 
"Scardia"  coloradella;  Powell,  1968,  Pan-Pac.  Ent, 

43:  302. 

The  identity  of  the  moths  we  are  treat- 
ing under  this  name  has  been  discussed 
previously  (Powell,  1968a).  Host  specificity 
is  not  shown  by  populations  of  "S."  cohr- 
adella,  if  colonies  represented  by  our  sam- 
ples are  conspecific.  The  general  habitat 
is  high  elevation  coniferous  forests  in  each 
case. 

Bioh^caJ  data. -COLORADO:  EL  PASO 
CO.:  North  Cheyenne  Cyn.,  XII-11-1914, 
^699  r.f.  fungus  at  base  of  dead  Psendo- 
tsufia  taxifoha  (A.  B.  Champlain,  Hopk. 
U.  S.  12173b).  ARIZONA:  COCHISE  CO.: 
Rustler  Park,  8  mi.  ^^'  Portal,  Chiricahua 
Mts.,  VII-3-61, 1  9  r.f.  Pohiporus  anceps  on 
Pinus  (J.  F.  Lawrence,  JFL  889).  UTAH: 
UTAH  CO.:  N  of  Mt.  Timpanogos,  7300  ft., 
VII-30-67,  3  9  9  r.f.  Ganoderma  apvJanatum 
on  Popuhis  tremuloides,  emgd.  VIII-4  to 
X-67  (I.  Powell,  JAP  67G6).  MEXICO: 
DURANGO:  10  mi.  W  El  Salto,  9,000  ft., 
VII-23-64,  3  9  9  r.f.  Ganoderma  lohatum 
on  Quercus  omissa,  emgd.  IX-8,  9-64  and 
later  (J.  Powell,  JAP  64G10,  JFL  1313). 

"Scardia"  gracilis   Walsingham 

Scardia    gracilis    Walsinsrham,    1907,    Proc.    U.    S. 
Nat'l.  Mus.,  33:  225. 
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"Scaidia"    gracilis;    Powell,    1968,    Pan-Pac.    Ent., 
43:  302. 

This  species  exhibits  a  great  deal  of  var- 
iation in  external  appearance  and  size,  in 
part  related  to  the  condition  of  the  sub- 
strate in  which  the  larvae  have  fed  ( Powell, 
1968a).  "Scardia"  gracUis  was  the  most 
common  member  of  the  subfamily  encoun- 
tered during  our  survey,  limited  primarily 
to  Poh'poraceae  with  relatixely  large  and 
persistent  sporophores,  or  large  colonies 
with  extensive  sterile  tissue  in  species  with 
small  sporophores.  The  larvae  frequently 
live  within  the  decaying  wood  subtending 
the  sporophores,  and  at  times  the  emer- 
gence galleries  occur  several  centimeters 
from  the  sporophores. 

''Scardia"  gracilis  apparently  has  the 
same  ecological  range  and  host  acceptance 
as  Nemapogon  molybdanelhis,  but  in  Cali- 
fornia gracilis  may  be  limited  to  the  Coast 
Range.  Fungus  collections  from  the  Sierra 
Nevada  have  yielded  only  a  single  speci- 
men of  "Scardia,"  that  from  Buck's  Lake, 
Plumas  County.  Although  its  genitalia  are 
not  distinguishable  from  other  gracilis,  this 
individual  may  not  be  conspecific.  It  is 
paler  with  more  reduced  dark  markings 
than  any  other  "Scardia"  reared,  but  it  is 
in  worn  condition. 

Biological  data. -CAl\?ORN\  A:  GLENN 
CO.:  Piaskett  Meadows,  6,200  ft.,  VII-3-60, 
1  9  as  adult  on  Fomes  pinicola  on  Abies 
concolor  (J.  Powell,  JFL  631).  MARIN 
CO.:  Alpine  Lake,  III-30-66,  ^599  r.f. 
Pohiponis  gilvus  on  old  Lithocarpus?,  emgd. 
IV-11  to  V-17-66  (J.  Powell,  JAP  66C27); 
same  data,  VII-7-66,  Is  emgd.  IX-22-66 
(P.  A.  Rude  and  J.  Wolf,  JAP  66G4);  same 
data,  1  9  r.f.  Lcnzitcs  bctulina  on  UmbcUii- 
laria,  emgd.  IX-16-66  ( Rude  and  Wolf,  JAP 
66G5);  same  locality,  1-19-67,  3  <5  5,3  9  9 
r.f.  Pohiporus  gilvus,  emgd.  11-27  to  IV-3-67 
(P.  A.  Rude,  JAP  67A10);  1  mi.  S  Inverness, 
III-17-66,  $  s  9  9  r.f.  Polyponis  gilvus  on 
Quercus  agrifolia,  emgd.  IV-4  to  VI-15-66, 
1  i  emgd.  Vin-16-66  (J.  Wolf,  JAP  66C16); 
same  data,  1  S  r.f.  Hypoxylon  occidcntalc 
[—    H.    thouarsianum]    on    Umbellularia, 


emgd.  III-22-66  (J.  Wolf,  JAP  66C17); 
same  data,  2>  $  $  r.f.  Polyporus  versicolor  on 
Quercus  agrifolia,  emgd.  IV-19  to  V-11-66, 
19  emgd.  lX-16-66  (j.  Wolf,  JAP  66C18); 
same  locality,  VII-7-66,  1  9  r.f.  Stereum 
hirsutum  on  Umbellularia,  emgd.  IX-16-66 
(P.  A.  Rude  and  J.  Wolf,  JAP  66G8). 
PLUMAS  CO.:  Buck's  Lake,  VII-26-64,  1  $ 
r.f.  Polyporus  sulphureus  (J.  T.  Doyen). 
SAN  FRANCISCO  CO.:  Sutro  Forest,  San 
Francisco,  11-20-1913,  1$  r.f.  Polyporus 
volvatus  [host  pinned  with  moth],  emgd. 
IV-1-1913  (J.  C.  H.  [uegenin]).  SAN 
MATEO  CO.:  Lake  Merced,  III-26-1908, 
1  $  r.f.  rotten  Lupinus  arboreus  stem  ( F. 
X.  Williams);  Mindego  Creek  Cyn.,  1  mi. 
E  La  Honda,  III-31-61,  5  6  9  9  'r.f.  Poly- 
porus gilvus  on  Umbellularia,  emgd.  IV- 
(6-19)-61  (W.  Azevedo,  JFL  784).  SANTA 
CLARA  CO.:  2  mi.  SW  Los  Gatos,  V-6-61, 
1  S  r.f.  Polyporus  gilvus,  emgd.  V-30- 
61  (W.  E.  Ferguson,  JFL  805).  SANTA 
CRUZ  CO.:  5  mi.  N  Felton,  V-29-66,  49  9 
r.f.  Polyporus  adust  us  on  Quercus  agrifolia, 
emgd.  "  VIII-2-18-66  (A.  J.  Slater,  JAP 
66E26).  SONOxMA  CO.:  1  mi.  S  Cazadero, 
11-24-63,  1  5  ,  3  9  9  r.f.  Polyporus  versicolor 
on  Umbellularia,  emgd. '  IV-14-28-63  (J. 
Powell,  JAP  63B5,  B6);  2.5  mi.  S  Cazadero, 
11-25-66,  S  $  9  9  r.f.  Polyporus  gilvus  on 
Alnus,  emgd.  III-28  to  V-17-66,  2  6  6  ,  1  9 
emgd.  V-27  to  VI-6-66,  6  6  9  2  emgd. 
Vlil-12  to  IX-16-66  (A.  J.  Slater  and  J. 
Wolf,  JAP  66B41). 

"Scardia"   berkeleyelia   Powell 

"Scardia"  berkcJct/eUa  Powell,  1968,  Pan-Pac.  Ent., 
^3:  303. 

Although  this  moth,  which  is  much 
smaller  than  other  members  of  the  genus, 
was  discovered  only  recently,  it  appears  to 
have  a  broad  host  range  comparable  to  that 
of  "S."  gracilis.  Probably  it  feeds  in  Poly- 
poraceae  of  appropriate  size  and  in  asso- 
ciated decaying  wood,  but  has  restricted 
colonies  owing  to  other  factors.  All  collec- 
tions which  have  been  productive  for  this 
species  ha\e  been  made  early  in  the  year, 
prior  to  the  end  of  the  rainy  season. 
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Biological  data. -CAl\FORN\  A:  ALA- 
MEDA CO.:  Strawberry  Cyn.,  Berkeley 
Hills,  1-10-63,  1  S  r.f.  Polyporus  versicolor 
on  old  Quercus  agrifolia,  emgd.  III-8-63 
(J.  Powell,  JAP  63A8).  CONTRA  COSTA 
CO.:  2  mi.  SE  Canyon,  II-5-67,  3$  S, 
2  9  9  r.f.  Poh/porus  gilviis  on  Q.  agrifolia, 
emgd.  III-31  to  IV-9-67  (J.  Powell,  JAP 
67B1).  MARIN  CO.:  Hilltops  S  of  Marin 
City,  ni-25-57,  1  9  r.f.  dead  stems  Lupinus 
propiiujiius,  emgd.  IV-25-57  (H.  B.  Leech); 
Mill  Valley,  11-12-64,  1  6  r.f.  log  Lithocarpus 
dcnsiflorus,  emgd.  IV-16-64  (H.  B.  Leech). 

OECOPHORIDAE 

Borkhausenia   (Borkhausenia)  fuscescens 
(Haworth) 

Recunaria  fuscescens  Hawoilh,  1829,  Lepid.  Brit., 

4:  555. 
Boikhatiseiiia    fuscescens;    Staudinger    and    Rebel, 

1901,  Cat.  Lepid.  Palaear.,  2:  177. 

As  discussed  elsewhere  (Powell,  1964b), 
this  Palearctic  species  has  been  introduced 
into  urban  areas  of  California,  and  Euro- 
pean reports  relating  to  its  biology  indicate 
that  it  is  a  scavenger.  Most  of  the  reports 
are  old  and  are  vague  to  the  extent  that 
the  larval  food  is  not  given.  The  habits  are 
equally  poorly  known  in  California.  Armi- 
tage  (1952)  suggested  that  B.  fuscescens 
mav  feed  in  "mouldv  trash  or  leaves,"  and 
our  isolated  reared  specimens  may  have 
been  associated  with  galleries  of  other  in- 
sects  or  with  other  debris  in  the  fungus 
substrates. 

Biological  f/o/a.-CALIFORNIA:  CONTRA 
COSTA  CO.:  Tilden  Park,  Berkeley  Hills, 
IX-10-62,  1  9  r.f.  Poh/porus  adusfus  ( P.  de 
Benedictis,  JFL  1102);  Tilden  Park,  11-14- 
66,  1  9  r.f.  Fomcs  igniarius  on  Quercus  agri- 
folia, emgd.  III-25-66  (A.  J.  Slater  and  J. 
Wolf,  JAP  66B16). 

Borkhausenia   (Decanfha)   boreasella 
(Chambers) 

OecopJiora  boreasella  Chambers,  187.3,  Canad.  Ent., 

5:   189. 
Decanfha    boreasella;    Clarke,    1941,    Proc.    U.    S. 

Xatl.  Mus.,  90:  242  (svnonvmv). 


This  species  is  widespread  over  much  of 
boreal  North  America  and  occurs  in  the 
mountains  along  the  length  of  California. 
The  record  given  below  is  the  first  we  have 
seen  from  any  locality  which  is  other  than 
a  conifer  association.  Clarke  ( 1941 )  stated 
there  were  no  known  host  records.  Larvae 
of  the  closely  related  B.  horkhausenii 
(Zeller)  live  under  loose  bark  of  old  pine 
trees  in  Europe  (Schutze,  1931). 

In  our  collection,  a  moth  emerged  from 
bulk  material  including  sporophores  of 
Hypoxylon  on  branch  sections  of  oak,  and 
the  feeding  site  is  unknown. 

Biological  d  at  a. -CAi\?ORN\  A:  SANTA 
BARBARA  CO.:  Santa  Cruz  Island,  Prison- 
er's Harbor,  V-1-66,  1  9  r.f.  Hypoxylon  occi- 
dentale  [=  H.  tJiouarsianum]  on  Quercus 
agrifolia,  emgd.  VI-15-66  (J.  Powell,  A. 
Slater,  J.  Wolf,  JAP  66E4). 

Borkhausenia   (Schiffermuelleria) 
quadrimaculella    (Chambers) 

Oecophora  quadriniaculclla  Chambers,  1877,  Cin- 
cinnati Quart.  Join-.  Sci.,  2:  292. 

Borkliauscnia  ijuadrimaculella;  Kearfott,  1903,  in: 
Smith,  Checkhst  Lepid.  Bor.  Amer. :  115. 

EpicaUinia  (juadriniaculcUa;  Bnsck,  1908,  Proc. 
U.  S.  Natl.  Mus.,  .35:  202. 

Schiffermuelleria  quadrimaculella;  Meyrick,  1922, 
Gen.  Insectorum,  180:  27;  Clarke,  1941,  Proc. 
U.  S.  Natl.  Mus.,  90:  248  (synonymy). 

Oecophora  dimidiella  Walsingham,  1888,  Insect 
Life,  1:  148. 

This  distinctive  species,  which  has  black- 
ish forewings  marked  with  yellow  spots,  is 
widespread  in  boreal  and  transition  zone 
areas  of  western  North  America.  It  was 
reported  from  Alberta  and  British  Colum- 
bia, southward  to  Colorado  and  southern 
California  by  Clarke  (1941),  and  we  have 
seen  it  from  the  Sierra  San  Pedro  Martir  in 
Baja  California,  some  200  miles  south  of 
the  international  border. 

Records  given  by  Clarke  indicate  an 
association  with  coniferous  forest  trees,  and 
we  have  encountered  the  species  on  several 
occasions  in  similar  situations.  Most  collec- 
tions reveal  only  circumstantial  evidence  of 
a  fungus  feeding  habit,  but  it  appears  that 
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conifer  wood-rot  fungi  serve  as  a  larval 
habitat  at  least  part  of  the  time.  Clarke 
(1941)  suggested  that  the  larvae  may  feed 
on  refuse  that  collects  in  cracks  in  the  bark, 
and  it  may  be  that  S.  qtiodrimacidcUa  is 
often  a  sca\'enger  in  association  with  decay- 
ing coniferous  trees. 

The  adults  are  found  under  bark  of  fallen 
trees  and  occasionally  on  fungus  sporo- 
phores.  Our  collection  from  Blodgett  Forest, 
listed  below,  consisted  of  several  logs 
which  had  been  heavily  scored  by  weevil 
larvae  in  the  cambium  area.  Examination 
of  the  bark  after  emergence  of  numerous 
SchiffenniicUcria  revealed  that  lepidoptcr- 
ous  webbing  and  frass  was  associated  with 
a  variety  of  sites,  in  external  cracks  in  the 
bark,  in  beetle  galleries  under  the  bark, 
and  in  the  thick  bark  itself.  The  only  co- 
coons with  oecophorid  pupal  shells  and 
lar\al  exuxiae  occurred  in  the  bark,  above 
the  level  of  the  mouldy  weevil  burrows, 
either  in  flat  chambers  which  had  evi- 
dentlv  been  excavated  bv  the  moth  larvae, 
or  in  one  instance  in  the  abandoned  emer- 
gence trackway  of  a  beetle  gallery. 

Bioh'Xicd  V/rtffl.-CALIFORNIA:"  CALA- 
VERAS CO.:  Bailey  Ridge,  16  mi.  E  West 
Point,  V-26-64,  2$  $  r.f.  Fimis  ponderosa 
with  Pohjponis  volvattis  (G.  Eanier).  EL 
DORADO  CO.:  Blodgett  Forest  nr.  George- 
town, S  S  9  9  r.f.  2  year  old  Pimis  ponde- 
rosa logs  killed  by  weevils,  emgd.  VI-2S-64 
(L  Otvos,  J.  H.  Borden,  JAP  65H3).  KERN 
CO.:  4  mi.  N  Alta  Sierra,  IV-28-64,  2s  $, 
1 9  r.f.  [sporophores]  Poh/porus  volvafiis, 
emgd.  V-22-64  (J.  Doyen)." NEVADA  CO.: 
Boca,  VL17-64,  1  $  under  bark  fallen  tree 
(D.  F.  Veirs).  TULARE  CO.:  Portugese 
Pass,  7  mi.  SE  Pine  Flat,  VII-5-62,  1  9  as 
adult  on  Fomes  pinicola  (J.  Lawrence,  JFL 
1097).  VENTURA  CO.:  10  mi.  NW  Lake 
of  the  Woods  |Mt.  Pinos,  6000  ft.]  VL7-64, 
1  c5  ,  1  9   under  bark  Piniis  (W.  J.  Turner). 

Borkhausenia    iSchiffermuelleria)    colora- 
della    (Walsingham),    New   Combination 

Oecophora   coIoiadcUa   Walsingham,    1888,    Insect 
Life,  1 :  150. 


Epicallitna   coIoiadeUa;   Busck,    1908,   Pioc.   U.   S. 

Natl.  Mns.,  35:  201. 
Edtinia    coloradcUa:    Clarke,     1941,    Proc.    U.    S. 

Natl.  Mus.,  90:  247. 

This  and  the  following  species,  Eumey- 
rickia  Irimacidella,  were  referred  to  the 
Ethmiidae  by  Clarke  ( 1941 ) ,  primarily  on 
the  basis  of  a  "segmented"  valva  in  the  male 
genitalia.  Although  the  Ethmiidae  remains 
a  somewhat  heterogeneous  assemblage,  not 
well  separated  from  the  Oecophoridae, 
placement  of  coloradella  and  trimaculella 
with  the  oecophorids  appears  to  be  a  more 
realistic  indication  of  their  relationships, 
particularly  in  view  of  the  larx'al  habits.  B. 
coloradella  feeds  in  fungus,  in  dead  tissue 
associated  with  diseased  areas  on  living 
trees,  under  bark  of  fallen  trees,  or  possibly 
on  debris  in  galleries  of  other  insects  in 
these  habitats.  Some  members  of  Scluffer- 
7ntieUcria  and  other  subgenera  of  Borkhau- 
senia are  known  to  feed  in  decaying  wood 
or  fungus  under  bark  in  the  Old  World 
(e.g.,  Meyrick,  1895;  Schutze,  1931;  Jacobs, 
1950),  while  available  information  indicates 
that  all  Eihmia  are  external  feeders  on 
leaves  or  flowers. 

On  the  basis  of  extensive  revisionary 
work  (in  preparation)  on  the  ethmiids  of 
the  Palearctic  by  Klaus  Sattler  and  of  the 
New  World  by  Powell,  structural  characters 
of  the  adults  of  the  two  present  species 
indicate  that  they  should  be  placed  back 
in  the  Oecophoridae.  Whether  the  sub- 
genus ScliiffermiieUeria  is  sufficiently  di- 
verse to  accommodate  coloradella  may 
have  to  be  answered  by  a  re-examination 
of  Borkhausenia,  but  characters  of  both 
male  and  female  coloradella  are  unlike 
their  homologues  in  Ethmia,  Pseudethnxia, 
and  Pijramidohcla.  The  divided  valva  does 
not  appear  to  be  comparable  to  that  of 
Ethmia,  while  a  division  of  this  type  does 
occur  in  certain  Borkhausenia  (i.e.,  unitella 
Hiibner  and  incongruella  Zeller).  The 
heavily  sclerotized,  ventrally  curved  uncus 
and  the  elongate  vinculum  are  features 
coloradella  shares  with  members  of  various 
subgenera    of    Borkhausenia    and    with    no 
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ethmiid.  The  strongly  curved  aedoeagus, 
perhaps  the  single  most  uni\-ersal  character- 
istic of  male  Ethmiidae,  is  not  de\eloped 
in  coloradello  or  in  oecophorids  generally. 
The  elongate,  extensible  ovipositor  and 
correspondingly  elongate  apophyses  are 
traits  of  female  cohradella  exhibiting 
similarity  to  those  shown  in  Schiffcrmiiel- 
leria  and  Fabiola,  but  differing  from  their 
counterparts  in  Ethmiidae.  Moreover,  no 
ethmiid  bears  superficial  resemblance  to 
coloradeUa,  but  several  oecophorids  have 
similar  facies  in  wing  shape  and  color, 
broad  hindwing  fringe,  elongate  abdomen, 
etc.  (e.g.,  Esperia  sulphureUa  (P.),  Bork- 
haitsenia  stipella  (L. ),  B.  quadrimaculcUa 
(Chamb.)). 

As  mentioned  by  Yothers  (1942),  the 
cocoon  of  B.  coloradello  is  extremely  flimsy, 
as  in  related  oecophorids  such  as  Esperia 
sulphureUa.  Cocoons  of  Etlimia,  even  mul- 
tivoltine  species,  are  dense  ( Powell,  1968b ) . 
Finally,  the  highly  characteristic  "anal 
legs"  of  the  pupa,  a  feature  which  is  well 
developed  in  all  Ethmia  so  far  as  is  known, 
are  not  present  on  the  pupa  of  B.  colora- 
deUa. Its  caudal  structures  are  similar  to 
those  of  E.  sulphureUa  and  B.  quadrinia- 
culella,  both  of  which  possess  a  single, 
stout,  terminal  rod  which  is  directed 
posteriorly. 

Borkhausenia  coloradeUa  is  widespread 
in  boreal  parts  of  North  .America,  from 
Ontario  and  New  York  to  British  Columbia 
and  the  northwestern  United  Stales,  south- 
ward to  northern  Arizona  and  central  Cali- 
fornia. Rearing  records  suggest  a  bio]og\- 
for  B.  coloradeUa  similar  to  that  of  B. 
{Schiffermuelleria)  quadrimaculella,  dis- 
cussed above.  The  present  species  often 
emerges  from  caged  logs  or  in  similar 
forestry  practice  situations  and  has  been 
reared  from  fungus  sporophores  during  our 
study.  In  addition,  D.  P.  Pielou,  of  the 
Entomology  Research  Institute,  Ottawa, 
has  obtained  a  few  coloradeUa  from  sporo- 
phores of  Fohjporus  and  Fomes  collected 
from  birch  in  southern  Ontario  in  May 
after   overwintering   in    the   field    (Pielou, 


in  lift.,  1966;  Pielou  and  Matthewman, 
1966 ) .  The  species  has  been  reared  on  a 
number  of  occasions  in  connection  with  the 
Hopkins  collections.  The  specific  larval 
food  in  most  of  these  cases  is  unknown,  but 
in  Montana  ( Hopk.  12  316),  Brunner  noted 
that  the  small,  black  larvae  fed  in  fresh 
bark  immediately  under  the  layer  of  rough, 
old  bark  on  Finns  ponderosa.  Feeding  re- 
sulted in  a  diseased  looking  area  of  the 
cambium,  which,  however,  was  not  reached 
by  feeding  larvae.  Some  larvae  were  lo- 
cated in  a  spot  where  decay  of  the  bark 
and  cambium  had  begun.  Larvae  were  also 
noted  to  be  cannibalistic  and  predatory  on 
larvae  of  Finipestis  {[=  Dioryctria],  Pyral- 
idae ) . 

The  most  extensive  study  of  the  biology 
of  B.  coloradeUa  is  that  of  Yothers  (1932, 
1942),  who  found  the  larvae  inside  the 
closed,  perennial  cankers  caused  by  the 
fungus  Neofabraea  on  apple  trees.  Dead 
aphids  {Eriosoma),  honeydew,  and  excreta 
were  massed  together  ^\ith  the  webbing  of 
the  moth  larxae.  He  observed  that  larvae 
fed  on  dead  and  decaying  wood  and  bark, 
particularh-  old,  desiccated  callus  tis.sue, 
and  did  not  feed  on  live  callus  tissue. 

Biological  data.-CA\<\ADA:  ONTARIO: 
Bell's  Corners,  r.f.  Fohjporus  betulinus  on 
Bctula,  emgd.  VI-10-65;  r.f.  Fomes  fomen- 
tarius  on  Bettda,  emgd.  VI-21-65  (D.  P. 
Pielou).  WASHINGTON:  PEND  OREILLE 
CO.:  Metaline  Falls.  V-22-31,  2$  $  r.f. 
Fseudotsuga  menziesii  bark  ( Hopk.  21  309 ) 
(W.  D.  Bedard).  MONTANA:  MISSOULA 
CO.:  Missoula,  11-20-14,  1  $  r.f.  Finus  pon- 
derosa bark,  emgd.  III-5-14  (Hopk.  12  316) 
(J.  Brunner).  IDAHO:  VALLEY  CO.:  Kras- 
sel  Rgr.  Station,  1957,  6  6  9  2  r.f.  Fseudo- 
tsuga menziesii  stems  with  Dendroctonus 
(Hopk.  35  025m)  (H.  M.  Furniss);  same 
locahty  111-28-62,2  9  9  r.f.  A/;h/.s' stem  in- 
fested with  Cerambycidae  (Hopk.  41  890p) 
H.  M.  Furniss);  same  locality  IX-6-62,  l6 
1  9  r.f.  Fseudotsuga  menziesii  stems  with 
Dentroctonus,  emgd.  III-18-63  (H.  M.  Fur- 
niss). CALIFORNIA:  ALAMEDA  CO.:  Berke- 
ley,   V-29-60,    1  6     r.f.    Foria    versipora    on 
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UmbcUuIoria  calif  arnica  (J.  Lawrence,  JFL 
581);  Berkeley  Hills  nr.  Claremont  Cyn., 
11-10-67,  1  9  ri.  Qiicrcus  a<zrifoIia  bark  with 
Stcrciim,  emgd.  111-21-67  (J.  Powell,  JAP 
67B5);  same  locality,  11-14-67, 16,39  9  ri. 
Qticrciis  afirifoJia  bark  with  Sicrcum  and 
log  with  Uiipoxijlon,  emgd.  111-19  to  lV-20- 
67  (J.  Powell  and  P.  \.  Rude,  JAP  67B6, 
B7);"  Oakland  Hills  (Redwood  Road),  11- 
9-66,  1  9  r.f.  Hijpoxylon  occidentale  [=  //. 
thouarsianum]  on  Quercus  agrifoJia,  emgd. 
V-6-66  (J.  Wolf,  JAP  66B9).  SOXOMA 
CO.:  4  mi.  iWV  Camp  Meeker,  11-25-66, 1  9 
r.f.  Sicrcum  hirsuium  on  LiflwcarjJiis. 
emgd.  V-11-66  (A.  J.  Slater  and  J.  Wolf, 
JAP  66B39). 

Eumeyrickia   trimaculella   (Fitch) 

Clmctochihis  frimaculeUus  Fitch,  1856,  Trans. 
N.  Y.  Agric.  Soc,  15:  455.  (Reprinted,  1856, 
as  separately  paged  vol.,  Report  on  Noxious, 
Beneficial  and  other  insects,  X.Y.,  II,  p.  233). 

Eutnci/rickia  trimaculella;  Busck,  1902,  jour.  X.  Y. 
Ent.  Soc,  10:  94  (svnonvmv);  Clarke,  1941, 
Proc.  U.  S.  Natl.  Mus.,  90:'  271  (placed  in 
Ethmiidae). 

Anaisia?  albapulvella  Chambers,  1875,  Canad.  Ent., 
7:  147. 

Chimbache?  hausteUafa  Walsingham,  1882,  Trans. 
Anier.  Ent.  Soc.  Phila.,  10:'l73. 

As  mentioned  in  connection  with  the  pre- 
ceding species,  assessment  of  structural 
characters  of  E.  trimaculella  in  connection 
with  current  studies  on  the  Ethmiidae  indi- 
cate that  this  species  should  be  referred  to 
the  Oecophoridae,  in  contrast  to  the  opinion 
of  Clarke  (1941). 

Details  of  the  biology  of  this  insect  have 
not  been  reported,  but  it  is  a  fungus  feeder, 
at  least  at  times,  which  lends  credence  to 
the  supposed  relationship  with  the  Oeco- 
phoridae. Fitch  (1856)  found  trimucuIcUa 
in  yards  about  houses  and  mentioned  its 
oviposition  habits  but  did  not  state  upon 
what  substrate  the  eggs  were  deposited. 
The  moths  were  noted  to  favor  hollow 
trees  by  Forbes  (1923),  but  evidently  no 
larval  food  was  known  then.  Through  the 
cooperation  of  D.  P.  Pielou,  of  the  Ento- 
mology Research  Institute,  Otta\\a,  we 
have  been  able  to  examine   specimens  of 


E.  trimaculella  which  he  has  reared  in 
connection  %\ith  inx'cstigations  on  the 
insect  communitx'  of  Pnhjjwrus  hctulimts 
and  Fomes  fomcutarius  on  birch  (Pielou, 
1966;  Pielou  and  Matthewman,  1966). 
Sporophores  which  had  overwintered  in  the 
field  were  collected  in  May  and  June. 

Biological  data.-CAUADA:  QUEBEC,  Gati- 
neau  Park,  r.f.  Poh/porus  hctulinus,  emgd. 
\T-10-65;  r.f.  Fames  fomentarius,  emgd. 
Vn-15,  VllI-5-65  (D.  Pielou).  VERMONT: 
BEXXIXGTON  CO.:  East  Dorset,  VI-6- 
65,  1  (i  r.f.  undet.  fungus  (C.  Parsons,  JFL 
1715);  Green  Peak,  2000  ft..  East  Dorset, 
\T-6-65,  1 9  r.f.  Fames  fomentarius  on 
Betula  lutea   (C.  Parsons,  JFL  1707). 

OINOPHILIDAE 

Oinophila   v-f!ava    (Haworth) 

Gracillaria  v-flava  Haworth,   1811,   Lepid.   Britan- 

nica,  4:  530. 
Oinophila  v-flava;  Stephens,  1848,  Proc.  Ent.  Soc. 

London,  5(5);  Ixi. 

As  discussed  elsewhere,  this  species  is 
thought  to  have  been  introduced  into  Cali- 
fornia from  Europe  (Powell,  1964a).  The 
habits  are  poorly  known  and  O.  v-flava  may 
be  a  general  scavenger,  but  it  appears  that 
feeding  usually  takes  place  on  some  fungus, 
such  as  on  a  moldy  substrate. 

Biological  f/ofrt.-CALIFORNIA:  ALA- 
MEDA CO.:  Berkelev  Hills  nr.  Claremont 
C\-n.,  11-14-67,  2  5  ^  ,  2  9  9  r.f.  bark  Quercus 
agrifolia  with  Stereum  and  Ht/paxylon, 
emgd.  111-16  to  IV-3-67  (J.  Powell  and  P.  A. 
Rude,  JAP  67B6,  B7).  SAXTA  BARBARA 
CO.:  Prisoner's  Harbor,  Santa  Cruz  Island, 
I\^-29-66,  1  6  as  adult  on  Polyporus  gilvus 
on  Quercus  agrifolia,  emgd.  Vni-2,  \T11- 
12-66  (J.  Powell,  A.  Slater,  J.  Wolf,  JAP 
66E8).  SAXTA  CLARA  CO.:  San  Jose, 
Xl-30-59,  S  S  9  9  r.f.  moldv  bark  of  flower- 
ing locust,  emgd.  1-18  to  11-8-60  ( L.  B.  Mc- 
Xelly,  JAP  60A2). 
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THE  ZOOGEOGRAPHY  OF  LESSER  ANTILLEAN  ANOLIS  LIZARDS- 
AN  ANALYSIS  BASED  UPON  CHROMOSOMES  AND 
LACTIC   DEHYDROGENASES' 


GEORGE  C.   GORMAN'  AND   LEONARD  ATKINS'' 


ABSTRACT 

On  each  island  bank  of  the  Lesser  An- 
tilles, there  are  one  or  two  distinct  forms 
of  iguanid  lizards  of  the  genus  Anolis.  On 
the  basis  of  osteology,  these  anoles  have 
been  placed  in  two  species  groups,  which 
show  a  sharp  geographic  break.  The  south- 
ern group  (termed  roquet)  occupies  all  the 
islands  from  Grenada  north  to  Martinique. 
The  northern  group  (called  bimacidatus) 
is  found  from  Dominica,  the  island  due 
north  of  xMartinique,  on  through  all  the 
other  Lesser  Antillean  islands.  It  also  occurs 
on  several  of  the  Greater  Antillean  islands 
and  island  banks. 

Differences  in  karyotype  and  in  electro- 
phoretic  mobility  of  the  protein  lactic  de- 
hydrogenase amongst  these  Antillean  lizards 
have  permitted  a  detailed  analysis  of  rela- 
tionships, evolutionary  history,  and  zoogeo- 
graphic  movement.  The  two  species  groups 
are  distinct  osteologically,  chromosomally, 
and  biochemically.  The  roquet  group  is 
characterized  by  12  metacentric  macro- 
chromosomes,  22  or  24  microchromosomes, 

'  Adapted  from  a  thesis  submitted  to  the  Depart- 
ment of  Biology,  Harvard  University,  by  the  senior 
author,  in  partial  fulfillment  of  the  requirements 
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Neurology,  Massachusetts  General  Hospital,  Boston, 
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and  the  absence  of  sex  chromosomal  hetero- 
morphism.  This  karyotype  appears  to  be 
primitive  for  the  family  Iguanidae  and 
characterizes  many  genera,  including  a 
South  American  anoHne  genus.  The  lactic 
dehydrogenases  of  the  roquet  group  are 
characterized  by  very  slow  anodal  migra- 
tion in  borate  buffer.  The  himaculotus 
group  is  characterized  by  a  reduced  num- 
ber of  chromosomes,  a  less  sharply  marked 
break  between  macro-  and  microchromo- 
somes, and  male  heteromorphism.  Their 
lactic  dehydrogenases  migrate  more  rapidly 
towards  the  anode  than  do  those  of  the 
roquet  group. 

Three  subgroups  of  bimoculatus  may  be 
recognized;  two  are  strictly  Lesser  Antil- 
lean and  are  characterized  by  9  or  10  pairs 
of  macrochromosomes,  with  no  sharp  break 
between  the  sixth  and  seventh  pair.  In  the 
first  of  these,  the  himaculotus  group  sensu 
stricto,  all  members  ha\e  identical  LDH 
mobilities.  The  second,  icattsi,  has  only  one 
species;  in  karyotype  it  is  identical  to  most 
himaculattis,  but  has  a  more  rapidly  mi- 
grating LDH.  The  third  subgroup  is  found 
to  the  west  of  the  Lesser  Antilles  on  St. 
Croix,  Puerto  Rico,  and  Hispaniola.  It  is 
termed  the  acutus  group.  The  LDH  of 
icattsi  is  identical  to  that  of  two  members 
of  the  acutus  group.  In  chromosomes,  the 
acutus  group  appears  somewhat  intermedi- 
ate to  the  karyotypically  primitive  roquet 
group  in  the  south,  and  its  near-neighbor 
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wattsi  and   bimaciilatus  groups.   Like  the  same  page  Williams  stated,  "It  is  even  more 
roquet  group,  acutus  has  six  pairs  of  meta-  evident  in  this  genus  than  in  others  that  we 
centric  macrochromosomes,  and  the  major-  cannot   be   prisoners   of   our   conventional 
ity  of  the  species  have  a  sharp  break  be-  museum  techniques,  that  a  very  wide  ap- 
tween  pairs  six  and  sexen.  However,  pair  proach   will   barely   encompass   the   things 
se\  en  is  not  truly  small  enough  to  be  called  we  need  to  know."  In  this  paper  we  escape 
microchromosomal;    it    is    intermediate    in  from  the  "prison"  of  conventional  museum 
size    There  is  a  sharp  break  between  pair  techniques  by  entering  the  laboratory, 
seven  and  the  microchromosomes.  Like  the  We  chose  to  investigate  biochemical  and 
bimaculatus   group,    the    acutus    group    is  cytological  characters  because  they  provide 
characterized  bv  male  chromosomal  heter-  an   independent    check   on   morphological 
omorphism,  and  a  male  diploid  number  of  characters  and,  quite  simply,  because  they 
33  or  less.  work.  In  a  study  of  the  relationships  of  the 
The  karyotypes  of  some  species  of  Anoli.s  anoles  of  the  southern  portion  of  the  Lesser 
on  Puerto  Rico  and  Hispaniola  are  identical  Antilles  (Gorman  and  Dessauer,  1966),  we 
to  that  of  the  roquet  group.  It  is  argued  noted   that   lactic   dehydrogenase    (LDH) 
that  there  were  two  colonizations  of  the  defined  the  roquet  group:   electrophoretic 
Antilles   from   South   America,   one   to   the  properties   common   to   the   LDHs   of   the 
southern  Lesser  Antilles,  ultimately  giving  roquet  species  group  differed  from  those 
rise  to  the  roquet  group;  the  second  to  the  of  all  other  anoles  studied.  Likewise,  chro- 
Greater   Antilles.   In   the   Greater   Antilles,  mosome  studies  on  Anolis  (Gonnan,  1965; 
one   stock   arose   that   evolved   a   reduced  Gorman  and  Atkins,  1966,  1967)  indicated 
diploid  number  and  male  heteromorphism.  the    value    of   karyotype    as    a    systematic 
This  group  gave  rise  to  the  bimaculatus  character.  In  our  discussion  of  the  northern 
group,   which   became   established    in   the  Lesser  Antillean  anoles  we  shall  rely  pri- 
northern  Lesser  Antilles.  Furthermore,  it  is  marily  on  these  two  characters.  In  tracing 
postulated  that  the  roquet  and  bimaculatus  the  biogeographic  movements  of  the  south- 
groups  were  colonizing  the  Lesser  Antilles  ern  species  group,  we  shall  also  utiHze  other 
at  approximately  the  same  time  from  op-  information  available  to  us. 
posite  directions.  The  non-overlap  between 
the  two  groups  is  due  to  competitive  ex-  GEOGRAPHY 

^^^^^^^-  The  Lesser  Antilles  are  the  chain  of  Carib- 
bean islands  stretching  from  St.  CroLx  south 
INTRODUCTION  ^^  Grenada.  These  are  oceanic  islands,  never 
On  virtually  every  island  in  the  Carib-  having  been  connected  to  the  main  con- 
bean,  there  is  at  least  one  and  sometimes  tinental    land    masses.    On    each    of    these 
as  many  as  25  species  of  small  to  moderate  numerous    islands   are   found   one   or   two 
sized  lizards  of  the  genus  Anolis  (Fig.  1).  j^,^tive  species  of  Anolis — a  genus  of  lizard 
This  genus  has  always  been  difficult  for  ^j^,^^  j^,^^  ^^^^^^  outstandingly  successful  in 
systematists.  In  the  preface  to  a  series  of  ^^^^^^^^.^^^^  ^hg  Caribbean.  Some  of  the  is- 
papers  on  the  anoles  of  the  Lesser  Antilles,  ^          ^^  ^^^^^  j^^^^^^.  ^^tj^es  were  once  parts 
Williams  (1959:  188)  wrote     The  segment  ^^               .^^^^^^^^^            ^.^^^^^^^^  fragmented, 
of  Ano/i.  that  is  here  reported  on  was  be-  ^                 ^^^       ^^^^^_^  ^^^^^  ^.^^.^^^ 
Heved  to  be,  and  n.ay  well  be,  the  simplest  ,  1         treating  the  zoogeography  of 
areal  segment  of  the  genus  m  which  more  U  i     ) ,          ^^^.^^^   ^^^  ^^^^^  ^  J  ^^.^,  ,,^ 
than  one  species  occurs.  .  .  .  Yet  we  nave  ^I'c  a-,^                     i  i     ^i                  ^  viov,/ic" 
found    the    complications    formidable    and  banks  and  not  solely  the  present  islands, 
not  amenable  to  study  on  the  basis  of  pre-  As  will  be  seen,  each  bank  has  at   east  one 
served   specimens   alone."  Further,   on  the  endemic  form,  and  only  one  form  has  been 
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F.gure  2.      Map  of   the   eastern    Caribbean.     The    Lesser   Antilles    extend  from  St.   Croix  m  the  north  to  Grenada   ,n   the  south. 


successful    in   establishing    itself   on    more 
than  one  island  bank. 

Two  types  of  islands  may  be  distin- 
guished grossly  in  this  archipelago:  steep, 
montane,  volcanic  islands,  which  have  high 
rainfall  in  at  least  some  parts  and  are  ringed 
either  by  steep  cliffs  or  beaches  of  white 
or  black  sand;  and  low,  flat,  relatively  xeric, 
limestone  islands,  ringed  by  white  sand 
beaches  only.  These  flat  islands,  presum- 
ably older,  lie  to  the  east  of  the  montane 
islands  and  are  sometimes  called  the  outer 
chain.  The  southern  limit  of  this  outer  chain 
is  Marie  Galante  and  the  Grande  Terre 
portion  of  Guadeloupe.  It  includes  the  An- 
tigua bank  and  the  Anguilla  bank.  Guade- 


loupe itself  is  actually  a  double  island;  the 
western  half  is  very  mountainous.  The 
mountainous  chain  begins  in  Grenada  and 
continues  north  through  Saba.  Lying  some- 
what to  the  east  of  the  main  Lesser  Antil- 
lean  double  chain  is  Barbados — also  a  rela- 
ti\'ely  flat  island  with  little  topographic 
\  ariation.  Figure  2  shows  the  Lesser  Antil- 
lean  chain. 

The  Anolis  on  these  islands  fall  into  dis- 
tinct species  groups.  Underwood  (1959) 
called  the  group  occupying  the  southern 
islands  (from  Grenada  north  to  Marti- 
nique) the  roquet  group;  those  anoles  on 
the  northern  islands  were  placed  in  the 
bimaculatus  group.  The  groups  were  recog- 
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nizocl  as  distinct  b>-  Underwood,  but  the 
characters  used  to  separate  them  were  triv- 
ial, e.g.,  "in  the  himacuJatus  group  [the 
canthal  ridge]  is  followed  by  a  series  of 
differentiated  small  supraciliaries;  in  the 
roquet  group  there  is  no  differentiated  series 
of  small  supraciliaries."  And,  "the  caudal 
scales  are  arranged  in  whorls  corresponding 
to  the  autotomy  septa;  in  the  hiniaciilatiis 
group  there  are  three  or  four  dorsal  crest 
scales  in  each  whorl;  in  the  roquet  group 
there  are  usually  five  ...  if  there  are  less  it 
is  only  as  an  indixidual  xariation  and  not 
as  a  population  character"  (p.  193). 

Howe\'er,  work  by  Etheridge  (1960)  and 
b\  Gorman  and  co-workers  showed  that 
the  two  major  groups  were  quite  distantly' 
related.  The  roquet  group  was  not  recog- 
nized per  se  by  Etheridge;  all  species 
within  the  group  were  placed  in  the  Jati- 
from  series,  a  predominantly  South  Amer- 
ican and  presumably  primitive  series.  Ethe- 
ridge's  concept  of  the  himacuJatus  group 
includes  species  in  the  northern  Lesser  An- 
tilles, the  Puerto  Rico  bank,  Hispaniola,  and 
the  Bahamas.  The  two  Lesser  Antillean 
species  groups  differ  profoundly  in  karyo- 
type (Gorman  and  Atkins,  1967),  display 
behavior  (Gorman.  1968).  and  lactic  de- 
hydrogenase mobility  in  starch  gel  electro- 
phoresis (Gorman  and  Dessauer,  1966). 
They  are  not  closely  related.  That  Under- 
wood had  to  rely  on  trivial  external  char- 
acters to  separate  the  groups  emphasizes 
the  fact  that  these  two  grou]3s  occupy  \irtu- 
ally  identical  niches  on  islands  of  similar 
size  and  ha\e  thus  been  subject  to  similar 
selective  pressures. 

Our  chromosome  data  are  concordant 
with  Etheridge's  osteological  data  in  that 
the\-  indicate  that  the  roquet  group  is  primi- 
ti\e  and  the  hiiuaculatus  group  more  highly 
specialized  (see  Gorman,  Atkins,  and  Hol- 
zinger,  1967;  Gorman  and  Atkins,  1967) 

Within  the  himaculatus  group  in  the 
Lesser  Antilles,  Underwood  {op.  cit.) 
singled  out  icattsi  as  being  quite  distinct 
in  se\eral  characters,  and  he  placed  this 
species  in  a  group  of  its  own.  We,  too,  shall 


refer  to  the  icattsi  group.  In  addition,  those 
members  of  the  himaculatus  group  sensu 
Etheridge  that  occur  in  the  Greater  Antilles 
and  that  were  not  considered  by  Under- 
wood shall  be  called  the  acutus  group. 
Etheridge's  himacuJatus  group  will  then 
consist  of  three  elements:  (1)  the  J)imacu- 
Jafus  group  sensu  stricto;  (2)  the  icattsi 
group;  (3)  the  acutus  group. 

On  Curasao,  to  the  west  of  Bonaire,  and 
on  the  continental  island  of  Trinidad  are 
two  species  of  a  predominantly  South 
American  species  group  {cJmjsoJepis  group) 
that  will  not  be  reconsidered  here  (see 
Gorman  and  Atkins,  1967). 

TAXONOMY 

As  Underwood  wrote  in  1959,  "These 
hzards  present  the  familiar  nomenclatorial 
problem  of  island  populations.  Given  a  full 
knowledge  of  the  relevant  facts,  which  we 
certainly  do  not  have,  there  remains  a 
considerable  element  of  personal  taste  in 
deciding  how  to  represent  them  nomencla- 
torially."  Since  that  time,  the  roquet  species 
group  has  been  intensively  studied,  and  we 
are  somewhat  more  confident  about  species 
relationships.  Comparable  studies  have  not 
been  undertaken  for  the  lumacuJatus 
group.  Underwood  (1959)  placed  most  of 
the  island  races  as  subspecies  of  himacuJa- 
tus. Lazell  (1962  and  1964a)  studied  intra- 
island  variation  in  the  J)imacuJatus  group 
of  Dominica  and  Guadeloupe  and  named 
intra-island  subspecies  of  ocuJatus  and  mar- 
moratus,  respectively.  (The  latter  also  has 
subspecies  that  occur  on  the  islands  satellite 
to  Guadeloupe.)  This  report  is  not  con- 
cerned with  nomenclatorial  designation. 
For  the  J)imacuJatus  group  we  shall  simply 
use  the  name  of  the  form  that  is  character- 
istic for  a  given  island  bank;  we  shall  dis- 
regard Lazell's  intra-island  subspecific  des- 
ignations and  shall  not  be  concerned  with 
whether  Underwood  considered  the  given 
form  a  subspecies  of  JnmacuJatus  or  a 
species.  The  wattsi  group  offers  no  prob- 
lems— there  is  only  one  species  and  no 
named  subspecies   (AnoJis  alter,  Williams, 
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Figure  3.  The  distribution  of  Lesser  Antillean  Ano/is.  Species  groups  are  separated  by  broken  lines.  The  western  part  of 
the  range  is  inset  in  solid  lines.  Numbers  in  parentheses  are  diploid  chromosome  counts  for  moles.  Names  of  forms  are 
adjacent  to  the  islands  on  which  they  occur.  Only  one  species,  watts/,  is  found  on  more  than  one  Lesser  Antillean  bonk; 
its  distribution  is  indicated  by  black  islands.  On  each  of  these  islands,  woftsi  is  sympatric  with  a  b/mac-j/otus  group  form. 
In  addition,  richardi  is  found  not  only  on  the  Grenada  bank,  but  on  Tobago,  which  geologically  is  not  port  of  the  Lesser 
Antilles.  One  member  of  the  acufus  group,  Anolis  d/stichus  (2n  =^  33),  is  found  on  Hispaniola,  the  Bahamas,  and  Florida, 
north  and  west  of  the  area  included  on   the  map. 
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1962,  is  a  synonym  of  wattsi:  \^^illianls,  per- 
sonal communication).  The  aciitii.s  group 
also  offers  no  problems,  as  the  species  are 
weW  defined.  Names  for  the  roquet  group 
will  follow  Gorman  and  Dessauer  (1966). 

The  distribution  of  these  species  groups 
and  the  forms  considered  are  illustrated  in 
Figure  3. 

The  important  points  illustrated  In'  this 
figure  are: 

( 1 )  There  is  complete  exclusion  between 
the  roquet  group  and  the  hirnaculatus 
group.  (2)  The  break  betsveen  the  two 
groups  falls  between  Martinique  and  Do- 
minica. (3)  There  is  nothing  geologically 
"natural"  about  this  break,  i.e.,  it  has  noth- 
ing to  do  with  the  inner  chain  and  outer 
chain.  (4)  Only  one  Lesser  Antillean  form, 
trattsi,  has  successfully  colonized  more 
than  one  island  bank. 

MATERIALS  AND  METHODS 

Chromosomes  were  studied  either  by 
direct  preparation  of  gonads  for  meiotic  as 
well  as  mitotic  cells,  or  by  tissue  culture  of 
blood  or  lung,  following  Gorman  and  At- 
kins (1966). 

To  study  LDH,  crude  extracts  of  hearts 
were  made  b\'  grinding  fresh  or  frozen  tis- 
sue in  a  glass  tissue  grinder.  Hearts  from 
a  population  were  from  either  a  single  ani- 
mal or  pooled  samples.  This  made  no  differ- 
ence, as  we  have  found  no  intrapopulational 
\'ariation  in  electrophoretic  mobilities  of 
heart  LDH.  The  tissue  was  ground  in  a 
0.25  M  sucrose  solution.  No  effort  was  made 
to  maintain  a  constant  tissue  weight/\'olume 
of  solution.  Approximately  2  ml  of  sucrose 
were  used  per  0.05  grams  of  heart.  The  ex- 
tracts were  then  compared  by  means  of 
starch-gel  electrophoresis,  following  the  out- 
lined procedure  of  Fine  and  Costello  (1963). 

Tissue  LDH  of  anoles,  as  of  many  other 
animals,  shows  fi\'e  distinct  electrophoretic 
bands  (Gorman  and  Dessauer,  1966).  These 
result  from  the  tetrameric  association  of 
hvbrids  of  two  distinct  proteins  termed 
heart   (H)    LDH  and  muscle   (M)    LDH. 


Thus  the  five  bands  represent  H4,  H3M, 
H,Mo,  HM3,  and  M4  (Salthe  et  al,  1965). 
The  two  types  H  and  M  are  so  named  be- 
cause they  predominate  in  those  tissues.  In 
this  stud)'  all  results  are  based  upon  differ- 
ences in  the  mobilities  of  the  H4  LDH, 
which  were  more  striking  than  differences 
found  in  the  more  slowlv  migrating  M4 
LDH. 

RESULTS 

Roquet  group 

The  chromosomes  of  the  roquet  group 
have  akeady  been  discussed  (Gorman  and 
Atkins,  1967).  Five  forms,  luciae,  trinitotis, 
bonairensis,  griseus,  and  richardi,  have  six 
pairs  of  metacentric  macrochromosomes 
and  twelve  pairs  of  microchromosomes 
(n=18,  2n=36).  The  other  three  forms, 
aeneus,  roquet,  and  extremus,  have  a  simi- 
lar macrochromosomal  complement,  but 
only  eleven  pairs  of  microchromosomes 
(n=:17,  2n^34).  There  is  no  evidence  of 
sex  chromosomal  heteromorphism. 

The  biochemical  study  on  the  roquet 
group  (Gorman  and  Dessauer,  1966)  in- 
dicated that  the  group  was  characterized  by 
an  anodally  slow  LDH.  This  work  was 
based  upon  LDH  in  red  blood  cells,  and 
resolution  was  not  clear.  Comparison  of 
heart  LDHs  shows  that  seven  forms  have  an 
electrophoretically  identical  LDH,  while 
richardi  (Grenada  bank  and  Tobago)  has 
an  LDH  of  slightlv  faster  anodal  mobilit\' 
(Fig.  4).  ' 

Bimaculatus   group   sensu   stricto 

The  karyotype  of  the  bimaculatus  group 
differs  considerably  from  that  of  the  roquet 
group.  It  was  in  this  species  group  that  sex 
chromosomes  in  lizards  were  first  demon- 
strated (Gorman  and  Atkins,  1966).  Our 
original  report  showed  that  bimaculatus, 
leachi,  ferreus,  and  gingivinus  were  all 
characterized  by  male  2nr=29,  female  2n= 
30.  In  meiosis  of  the  male,  there  are  9  large 
bixalents  decreasing  gradually  in  size,  4 
microbivalents,  and  a  sex  trivalent.  In  mito- 
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Figures  4  and  5.  Heart  lactic  dehydrogenases  of  Lesser  Antillean  anoles.  Drawings  from  starch  gels.  Each  figure  Is  a 
composite  of  several  electrophoretic  runs.  Only  samples  on  the  same  gel  may  be  compared  directly,  as  different  gels  were 
run  for  different  lengths  of  time.  All  migration  is  anodal  (toward  the  -(-).  Site  of  sample  application  is  marked  by  hori- 
zontol   line  below  code  letter.     Small  vertical  bars  separate  individual  gels. 
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Figure  4.  Gel  1.  The  roquet  group.  Phosphate  buffer  pH  7.0;  t,  tr/n/fotis;  I,  luciae;  r,  richardi;  g,  griseus.  All  members 
of  the  group  have  identical  LDH  mobility  except  for  richardi,  which  is  slightly  faster.  Gel  2.  Comparison  of  richardi  (r),  the 
"fastest"  of  the  roquet  group,  with  gingivinus  (gi)  of  the  bimacu/ofus  group.  Phosphate  buffer  pH  7.0.  Migration  rates  ap- 
proximately equal.  Gel  3.  Comparison  of  richardi  (r)  with  sobanus  (s)  of  the  bimaculatus  group.  Borate  buffer  pH  8.6.  In 
borate  buffer  the  roquet  group  is  characterized  by  very  slow  anodal  migration.  Gel  4.  The  bimocu/ofus  group.  Phosphate 
buffer  pH  7.0.  All  members  have  identical  LDH  mobility.  Shown  here  are  oculatus  (o),  fereus  (f),  lividus  (li),  marmorofus 
(m),   and  sabanui   (s). 
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Figure  5.  All  phosphate  buffer  pH  7.0.  Gel  1.  Comparison  of  wattsi  and  ocu/us  with  bimacu/otus  group.  Both  wattsi 
(w)  and  ocutus  (a)  have  faster  anodal  migration  than  the  members  of  the  bimaculatus  group  (illustrated  are  gingivinus 
(gi)  and  lividus  (li)).  Gel  2.  LDH  variation  in  the  ocutus  group.  Interspecific  variation  in  disttchus  from  Florida  (df)  and 
Haiti  (dh).  The  mobility  of  stratulus  (s)  falls  between  these  two;  ocutus  (a)  appears  identical  to  distichus  from  Haiti.  Gel 
3.  Comparison  of  ocutus  and  bimaculatus  groups.  The  fastest  LDH  mobility  is  that  of  evermanni  (e).  The  mobility  of  the 
bimacu/otus    group,    represented    by    gingivinus    (gi),    is    intermediate   to   that   of  ocutus   (a)    and   stratulus   (s). 


sis  there  are  thus  13  pairs  of  chromosomes, 
and  three  unpaired  chromosomes,  an  acro- 
centric Xi,  microchromosome  Xo,  and  a 
metacentric  Y.  Females  are  XiXiXoXl.. 
Meiosis  in  females  has  not  been  studied. 
Further  study  of  sabanus,  marmoratus,  and 
lividus  shows  these  to  be  quite  similar  to 
those  previously  cited.  Only  one  member  of 
the  biinaciilatus  group  differs  in  karyotype: 
A.  oculatus  from  Dominica,  the  southern- 
most island  inhabited  by  this  group.  As 
already    reported     (Gorman    and    Atkins, 


1967),  oculatus  has  a  similar  sex  chromo- 
somal mechanism  but  a  higher  number  of 
autosomes  (male  2n=31,  female  2n=32). 
The  difference  appears  to  be  Robertson- 
ian — one  pair  of  small  metacentric  macro- 
chromosomes  present  in  all  other  members 
of  the  bimaculatus  group  is  represented  by 
two  pairs  of  acrocentric  chromosomes  in 
A.  oculatus.  Figures  6A  and  B  compare 
meiotic  chromosomes  in  two  members  of 
the  bimaculatus  group,  and  Figures  7A  and 
B  compare  mitotic  karyotypes  in  two  forms. 
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Figure  6.  Diakinesis  in  males  of  the  bimacu/afus,  wattsi,  and  acutus  groups.  A. — oculatus  [bimaculatus  group).  There 
are  15  bodies,  14  bivalents  and  a  sex  trivalent  on  the  far  right.  The  thin  thread  connecting  one  element  of  the  trivalent 
has  been  retouched  with  two  dots  of  ink  (republished  with  permission  from  Systematic  Zoology).  B. — sabanus  [bimaculatus 
group).  There  are  13  bivalents,  and  a  sex  trivalent  on  the  far  right.  C. — watts/  [wattsi  group).  Virtually  identical  to  so- 
bonus.  D. — ocutus  (ocufus  group).  There  are  14  bivalents,  and  a  sex  trivalent  on  the  far  right.  Giemsa  stain  in  all  chro- 
mosome  preparations. 
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All  members  of  the  bimaculatus  group 
have  identical  H  LDH  electrophoretic 
mobility.  The  LDH  of  ricJiardi,  the  fastest 
migrating  LDH  in  the  roquet  group,  is  ap- 
proximately equal  in  mobility  to  that  of  the 
bimaculatus  group  in  phosphate  buffer  gel 
(pH  7).  However,  in  borate  buffer  (pH 
8.6),  the  LDH  of  richardi  and  those  of  all 
members  of  the  roquet  group  have 
relatively  slow  anodal  mobility;  the  LDH 
band  is  well  behind  that  of  the  bimaculatus 
group  (Fig.  4). 


Waffs/  group 

We  ha\'e  compared  wattsi  from  St.  Mar- 
tin and  Antigua  and  have  found  no  differ- 
ences in  karyotype  and  LDH  mobility.  The 
karyotype  of  wattsi  appears  virtually  iden- 
tical with  that  of  typical  bimaculatus  ( Fig. 
6C).  In  LDH,  the  mobility  is  slightly  faster 
than  in  the  bimaculatus  group  ( Fig.  5 ) . 

Acufus  group 

The  species  of  this  group  do  not  form  a 
tight  unit — neither  in  LDH  nor  in  chromo- 
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somes — and  each  will  be  discussed  sepa- 
rately. 

A.  acutus  (St.  Croix):  The  heart  LDH 
niobilitN'  of  this  species  appears  identical 
with  that  of  wattsi  (Fig.  4).  The  karyotype 
howe\'er,  differs  from  that  of  wattsi  and 
of  all  other  anoles  previously  described. 
In  meiosis  there  are  14  autosomal  bixalents 
and  one  sex  trivalent,  2n^31.  While  this 
number  in  itself  is  not  different  from  that 
of  A.  oculatus  of  the  himacuJatus  group 
sensu  sfricto,  the  morphology  of  the 
chromosomes  is  quite  different.  There  are 
six  large  pairs  of  metacentric  macrochromo- 
somes,  and  then  a  small  se\'enth  pair  some- 
what intermediate  in  size  between  the 
macro-  and  microchromosomes.  There  are 
eight  pairs  of  microchromosomes,  one  of 
which  must  represent  the  Xi  and  Xo,  and 
there  is  an  unpaired  small  metacentric  Y. 
\Mietlier  the  Xi  and  Xo  are  heteromorphic, 
as  is  the  case  in  typical  himacidatus  anoles, 
could  not  be  ascertained.  No  females  were 
available  for  study.  Figures  6D  and  7D  il- 
lustrate meiotic  and  mitotic  chromosomes. 

A.  (listiclius:  Lizards  from  Bimini,  New 
Providence  (Bahamas),  Florida  Hntro- 
duced  population),  and  Port-au-Prince, 
Haiti,  were  studied.  There  are  L5  bivalents 
and  a  sex  trixalent  at  meiosis  (Fig.  9E); 
male  2n=33,  female  2n=:34.  This  a  for- 
mula unique  among  the  anoles  studied  bv 
us  to  date  (more  than  70  species  and  sub- 
species). The  macrochromosomal  comple- 
ment consists  of  seven  pairs  of  metacentric 
or  slightly  submetacentric  chromosomes. 
PIowe\'er,  in  this  case,  there  is  a  sharp 
break  in  size  between  pairs  5  and  6, 
w  hereas  in  the  other  members  of  the  acutus 
group  and  in  the  roquet  group  the  break 


comes  between  pairs  6  and  7.  Both  sexes 
ha\'e  eight  pairs  of  microchromosomes. 
The  male  has  three  unpaired  sex  chromo- 
somes, a  submetacentric  Y  and  two  hetero- 
morphic acrocentrics  (Xi  and  X2)  (Fig. 
7A);  the  female  is  XiXiXoXo. 

In  LDH  there  has  been  interpopulation 
differentiation.  Hispaniolan  distichus  has  a 
rapidly  migrating  H  LDH  that  appears 
identical  to  those  of  acutus  and  wattsi, 
whereas  specimens  from  Bimini  and  Florida 
populations  have  slower  anodal  mobility 
(Fig.  4). 

A.  stratulus  (Puerto  Rico):  At  meiosis 
there  are  13  bivalents  and  one  sex  trivalent 
(Fig.  9D),  male  2n=29  (Fig.  8B).  While 
this  count  is  like  typical  bimaculatus,  again 
the  karyotype  is  quite  unicjue.  In  mitotic 
metaphase  there  are  six  pairs  of  metacen- 
tric macrochromosomes  and  a  sharp  break- 
between  pairs  six  and  seven;  the  seventh 
pair  is  also  metacentiic,  being  somewhat 
intermediate  in  size  between  the  macro- 
chromosomes  and  the  six  pairs  of  micro- 
chromosomes. In  males  there  are  three  un- 
paired sex  chromosomes.  Females  have  not 
been  available  for  study.  In  H  LDH,  the 
mobility  is  slower  than  in  acutus  and 
slightly  faster  than  in  Bahaman  distichus 
(Fig.  5). 

A.  evermanni  (Puerto  Rico):  This  anole 
is  most  distinct  both  in  karyotype  and  LDH 
mobility.  It  has  the  most  rapidly  migrating 
H  LDH,  the  mobility  being  approximately 
1.5  times  faster  than  that  of  acutus  (Fig. 
5).  In  chromosomal  formula  it  is  also 
unique  (Gorman  and  Atkins,  196(Sa).  It  is 
the  onh'  member  of  the  himaculatus  group 
sensu  Jato  that  does  not  have  the  XiXoY 


Figure  7.  Karyotypes  in  males  of  the  bimocu/otus,  wattsi,  and  acutus  groups.  A. — oculatus  [bimaculatus  group).  2n  :z: 
31.  There  are  28  autosomes  and  three  unpaired  sex  chromosomes  (shown  on  the  for  right  of  the  second  row).  Leukocyte 
culture.  B. — fereus  [bimaculatus  group).  2n  =:  29.  There  are  26  autosomes  and  three  unpaired  sex  chromosomes  (far  right 
of  second  row).  Note  the  marked  similarity  in  the  autosomes  of  lereus  and  oculatus  except  that  two  pairs  of  acrocentric 
chromosomes  of  oculatus  (far  left  second  row)  correspond  to  one  pair  of  metacentrics  in  lereus.  Leukocyte  culture  (repub- 
lished with  permission  from  American  Naturalist).  C. — wattsi  (wottsi  group).  2n  ^  29.  Virtually  identical  to  lereus  above. 
Direct  testis  preparation.  D. — acutus  (acutus  group).  2n  ^  31 .  There  ore  28  autosomes  and  three  unpaired  sex  chromo- 
somes   (shown   on   far   right   of  second   row).     Leukocyte   culture. 
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Figure  8.  Karyotypes  in  males  of  the  ocutus  group.  A. — d/stichus.  2n  =i  33.  There  are  30  autosomes  and  three  unpaired 
sex  chromosomes  (shown  on  far  right  of  second  row).  Leukocyte  culture.  B. — stratulus.  2n  =  29.  There  are  26  autosomes 
and  three  unpaired  sex  chromosomes  (far  right  of  second  row).  Direct  testis  preparation.  C. — -evermonni'.  2n  =:  76.  This 
is  the  only  member  of  the  bimaculatus  group  with  a  heteromorphic  poir  of  sex  chromosomes  (far  right  of  second  row). 
This   is    also   the   lowest  diploid    number   reported    in    the    genus    Anolis. 

sex  chromosome  system.  Both  males  and  macrochromosomes  are  meta-  or  submeta- 
females  have  diploid  numbers  of  26.  How-  centric;  there  is  a  sharp  break  in  size  be- 
ever,  in  the  male  there  is  a  heteromorphic  tween  pairs  six  and  seven,  and  pair  seven 
pair  of  acrocentric  chromosomes  ( Fig.  8C ) .  is  also  clearly  metacentric.  The  sex  chromo- 
As  in  acutiis  and  stratiilus,  the  six  largest  somes  are  the  eighth  pair. 


Lesser  Antillean  Axolis  Zoogeography  •  Gortnan  and  Atkins 


65 


Qj^«Ht">n 


D 


^•0)|f4««  •> 


Figure  9.  Diakinesis  in  males  of  the  cr'nlatellus  and  ocufus  groups.  A. — pu/che//us;  B. — gundlachi  (both  cristatellus  group). 
Each  has  six  macro-,  two  intermediate,  and  five  micro-bivalents;  a  sex  trivalent  is  shown  on  the  far  right.  C. — stratulus 
{acufus  group).  There  are  six  macro-,  one  intermediate,  and  six  micro-bivalents;  a  sex  trivalent  is  shown  on  the  far  right. 
D. — distichus  (acufus  group).  There  are  five  macro-,  two  intermediate,  and  eight  micro-bivolents;  a  sex  trivalent  is  shown 
on   the  far  right. 

Chromosomal   data  on  other  Puerto  Ricon  species  on  the  island.  Two  of  these  (ever- 

anoles  manni  and  strafulus)  belong  to  the  acutus 

For  comparative  purposes,   it  is   impor-  series  and  were  discussed  abo\e.  Six  other 

tant  to  consider  the  information  available  species    are    placed    by    Etheridge    in    the 

on  other  Puerto  Rican  anoles.  There  are  ten  cristatellus  group,  which  he  considers  closely 
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Figure  10.  Karyotypes  of  Puerto  Rican  Anolis.  A. — cuvieri  female.  2n  =  36.  There  are  six  pairs  of  metacentric  mocrochro- 
mosomes  (top  row),  and  12  pairs  of  microchromosomes  (second  row).  Males  appear  identical.  There  are  no  obvious  het- 
eromorphic  sex  chromosomes.  Leukocyte  culture.  B. — pukhellus  {cr'ntatellus  group)  male.  2n  =  29.  As  in  the  above, 
there  are  six  pairs  of  metacentric  macrochromosomes.  There  is  not  a  sharp  break  between  macro-  and  microchromosomes. 
There  are  two  intermediate  sized  pairs  of  metacentric  chromosomes  and  five  pairs  of  microchromosomes.  There  are  three 
unpaired  sex  chromosomes  (far  right  of  second  row).    Two  faintly   stained   microchromosomes  were    retouched   with    mk. 


related  to,  and  perhaps  derived  from, 
himacuJatiis.  The  chromosomes  of  all  the 
Puerto  Rican  members  of  the  cristate  this 
group  have  now  been  studied.  A.  cooki 
and  A.  cristatellus  were  discussed  in  a 
recent  paper  ( Gorman,  Thomas,  and  Atkins, 
1968).  The  diploid  numbers  for  males  are 
29  and  27  respectively.  Details  will  not  be 
repeated  here.  Tlie  other  four  species^  have 
karyotypes  virtually  identical  to  one  an- 
other and  quite  similar  to  that  of  A.  cooki. 
In  meiosis  there  are  six  large  bivalents,  then 
a  sharp  break  and  t\vo  intermediate  sized 
bivalents,  five  microbivalents,  and  an  elon- 
gate sex  trivalent.  Figures  9A  and  B  illus- 
trate  diakinesis   in   two   forms    (giincUachi 

^  A.    gundlachi,    A.    kriigi,    A.     poiicensis,    A. 
pulcheUu.i. 


and  pulcheUus).  The  diploid  number  in 
males  is  29  ( Fig.  lOB ) ;  we  have  not  studied 
females. 

The  cristatellus  group  resembles  several 
members  of  the  acutus  group  in  having  six 
pairs  of  metacentric  macrochromosomes 
with  a  sharp  break  in  size  between  pairs 
six  and  seven,  the  smaller  seventh  pair  also 
metacentric,  and  an  XiXoY  sex  chromosome 
system.  The  only  difference,  in  fact,  is  that 
in  the  cristatellus  group  pair  eight  is  also 
metacentric  (compare  Figs.  lOB,  8A,  B). 

Only  two  other  species  of  Anolis  occur  on 
Puerto  Rico:  one  is  a  giant,  A.  cuvieri,  the 
other  a  dwarf,  A.  occultus.  Both  are  rela- 
tively poorly  known;  occultus  was  only  dis- 
covered in  1962.  Both  species  have  the 
typical  alpha  Anolis  chromosome  comple- 
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Table  1.  The  forms  stltdied  and  the  localities  from  which  they  were  obtained.  The  LDH  data 

ARE  TABULATED  INTO  TM'O  MAJOR  CROUPS,  "ro"  AND  "bIM."  ThEY  ARE  DISTINGUISHED  BY  THEIR  MIGRA- 
TION PATTERNS  IN  THE  ALKALINE  BORATE  BUFFER,  pH  8.6:  "ro"  IS  CHARACTERIZED  BY  SLOW  ANODAL 
MIGRATION;  ALL  "bIM"  MIGRATE  MORE  RAPIDLY.  RELATIVE  RATES  OF  MIGRATION  FOLLOW  THE  MAJOR 
GROLTP   CODE.    HiGHER   NUMBERS    INDICATE   MORE   RAPID  ANODAL  MOBILITY  IN  STARCH  GEL  ELECTROPHORESIS. 


Species 
group 

Form 

Island 
locality 

Male  diploid 
chromosome  no. 

LDH 

roqrwt 

roquet 
extrcmus 

Martinique 
Barbados 

34 
34 

ro-1 
ro-1 

» 

aeneus 

Grenada 

34 

ro-1 

» 

hiciae 

St.   Liicia 

36 

ro-1 

93 

honairensis 

Bonaire 

36 

ro-1 

*> 

trinitatis 

St.   Vincent 

36 

ro-1 

'- 

grisciis 

St.  Vincent 

36 

ro-1 

» 

ricliardi 

Grenada 

36 

ro-2 

bimaculatus 

lividus 

Montserrat 

29 

bim-3 

J> 

sabanus 

Saba 

29 

bim-3 

» 

ferreus 

Marie  Galante 

29 

bim-3 

«- 

marmoratus 

Guadeloupe 

29 

bim-3 

).' 

himaculattis 

St.  Christopher 

29 

bim-3 

« 

leachi 

Antigua 

29 

bim-3 

gingivinus 
oculatus 

St.   Martin 
Dominica 

29 
31 

bim-3 
bim-3 

watt  si 

wattsi 

St.  Martin  and 
Antigua 

29 

bim-4 

acutus 

acutus 

St.  Groix 

31 

bim-4 

99 

distichus 

Haiti 

33 

bim-4 

■* 

distichus 

Bahamas 

33 

bim-1 

" 

stratulus 

Puerto  Rico 

29 

bim-2 

fi 

evcnuanni 

Puerto  Rico 

26 

bim-5 

cristatcllus 

cooki 

Puerto  Rico 

29 

not  studied 

>9 

pulchellus 

Puerto  Rico 

29 

not  studied 

99 

poncensis 

Puerto  Rico 

29 

not  studied 

99 

gundlachi 

Puerto  Rico 

29 

not  studied 

99 

krugi 

Puerto  Rico 

29 

not  studied 

99 

cristatellus 

Puerto  Rico 

27 

not  studied 

Primiti\e  alpha 

occultus 

Puerto  Rico 

36 

not  studied 

>i                j» 

cuvieri 

Puerto  Rico 

36 

not  studied 

ments.  Study  of  mitosis  in  a  female  cuvieri 
revealed  a  karyotype  of  six  pairs  of  meta- 
centric macrochromosomes  and  twelve  pairs 
of  microchromosomes,  2nr=:36  (Fig.  lOA). 
We  have  seen  only  a  few  mitotic  divisions 
in  A.  occultus;  there  are  clearly  twelve 
metacentric  macrochromosomes,  but  the 
number  of  microchromosomes  could  not 
be  determined  accurately.  However,  in 
diakinesis  there  are  clearly  six  large  and 
twelve  small  bivalents. 

Distributional  and  karyotypic  data  for  the 
u-aft.si,  acutus,  and  Puerto  Rican  species 
groups  are  illustrated  on  Figure  11.  All  data 
are  summarized  in  Table  1. 


DISCUSSION 

General 

Geologists  have  not  provided  us  with 
much  useful  information  about  the  age  of 
the  Lesser  Antillean  islands.  In  particular, 
some  of  the  small  islands  may  have  had 
several  cycles  above  and  below  the  sea,  but 
of  this  we  can  say  little.  Woodring  ( 1954 ) , 
in  a  general  review,  shows  the  Lesser  An- 
tilles of  today  to  have  been  submarine  vol- 
canoes through  the  early  Miocene  (fig.  3, 
p.  728),  but  he  makes  no  reference  to  when 
they  appeared  above  the  surface.  In  the 
region  of  the  Greater  Antillean  islands  of 
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Hispaniola  and  Puerto  Rico  there  has  been 
some  land  continuously  since  the  Cretace- 
ous. 

How  anoles  colonize  islands  by  over- 
water  dispersal  has  never  been  observed, 
but  it  is  not  difficult  to  imagine.  During 
the  rainy  season,  and  particularly  following 
hurricanes,  large  mats  of  floating  xegetation 
come  north  from  the  Orinoco,  passing  along 
the  east  coast  of  Trinidad.  Occasionally, 
lizards  and/ or  their  eggs  may  take  advan- 
tage of  this  transport  system  and  journey 
into  the  sea.  Most  would  perish.  However, 
some  of  the  rafts  must  come  to  rest  on  the 
beaches  of  the  Lesser  Antilles. 

Reference  to  an  Atlas  of  Surface  Currents 
of  the  North  Atlantic  ( Hydrographic  Of- 
fice, Washington,  D.  C.)  shows  a  general 
northwesterly  trend;  but  this  is  not  absolute, 
and  for  short  distances  movement  might 
be  in  any  direction. 

Although  we  lack  useful  fossils,  precise 
dates  for  the  age  of  the  islands,  and  the 
exact  direction  in  which  currents  moved 
potential  colonists,  we  still  feel  that  a  care- 
ful analysis  of  the  probable  phylogenetic 
relationships  of  the  island  forms  within  their 
species  groups  provides  a  x'cry  likely  hy- 
pothesis about  the  probable  history  of  colo- 
nization routes.  The  value  of  such  specula- 
tion has  been  stated  by  Wilson  ( 1965 ) : 
"Evolutionary  hypotheses  might  never  be 
definitive  by  the  standards  of  experimental 
biology,  but  they  are  valuable  if  they  are 
both  falsifiable  and  heuristic.  That  is,  to  be 
valid  they  should  make  concrete  predictions 
that  are  capable  of  being  negated  if  the 
hypothesis  is  false;  and  they  should  point 
the  way  to  deeper,  more  meaningful  investi- 
gations if  they  are  momentarily  upheld." 

The  phylogenetic  relationships  of  the  two 
major  species  groups  will  be  discussed  in- 
dependently. But  first,  it  is  worth  stating, 
in  some  detail,  rules  for  evaluating  charac- 
ters as  indicators  of  phylogenetic  relation- 
ship. We  shall  follow  Hennig  (1966),  who 
presents  a  formalized,  methodological  ap- 
proach. It  is  therefore  necessary  to  define 
some  of  his  terms. 


Characters  or  character  conditions  from 
which  transformation  started  in  a  mono- 
phyletic  group  are  termed  plesiomorphou.s, 
and  the  derived  conditions  apomorpJious. 
The  presence  of  plesiomorphous  characters 
in  different  species  is  called  symplesiomor- 
phy,  the  presence  of  apomorphous  charac- 
ters synapomorphy — always  with  the  as- 
sumption that  the  compared  characters 
belong  to  the  same  transformation  series.  It 
follows  that  monophyly  can  be  established 
only  by  synapomorphous  characters. 

It  does  not  matter  whether  the  synapo- 
morphy (a')  is  present  identically  in  all 
species,  or  whether  it  is  present  in  different 
derived  conditions  (a',  a").  "Recognition 
that  species  or  species  groups  with  com- 
mon apomorphous  characters  form  a  mono- 
phyletic  group  rests  on  the  assumption  that 
these  characters  were  taken  over  from  a 
stem  species  that  only  they  share  in  com- 
mon, and  which  already  possessed  these 
characters  prior  to  first  cleavage"  (Hennig, 
1966,  p.  90). 

If  it  is  a  question  of  determining  the  rela- 
tionships between  different  species  groups, 
"then  it  is  of  primary  importance  to  show 
that  each  group  has  apomorphous  charac- 
ters, characters  that  are  present  only  in  it" 
(op.  cit,  p.  90). 

Hennig  feels  that  the  concepts  of  sym- 
plcsiomorphy  and  synapomorphy  go  beyond 
the  range  of  what  we  ordinarily  call  homol- 
ogous characters.  "We  started  from  the 
idea  that  a,  a',  a"  are  different  characters 
in  a  transformation  series.  We  can  speak 
without  reservation  of  homolosous  charac- 
ters if  a.  a',  a"  are  transformation  stages  of 
an  organ.  But  the  transformation  a-a'-a" 
may  also  consist  in  complete  reduction  of 
the  organ.  For  example,  the  absence  of 
the  wings  in  fleas  is  undoubtedly  an  apo- 
morphous character  in  comparison  with 
the  presence  of  wings  in  other  holometa- 
bolic  insects.  On  the  other  hand,  the 
possession  of  wings  is  an  apomorphous 
character  in  comparison  to  their  absence 
in  the  so-called  'Apterygota.'  In  general 
we  speak  only  of  the  homology  of  organs, 
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but  a   character'  may  also  be  the  absence 
of  an  organ." 

The   roquef  species  group 

B\-  all  standard  museum  techniques,  the 
eight  forms  in  this  group  are  extremely 
closely  related.  Etheridge  (1960)  did  not 
mention  an\'  skeletal  differences  among  the 
forms  that  comprise  this  group.  In  fact,  the 
roquet  group,  along  with  one  other  species 
(agassizi),  forms  a  subgroup  within  the 
latifrons  series  distinguished  b\'  the  pres- 
ence of  functional  autotomic  caudal  verte- 
brae ( a  presumably  primitive  character 
widespread  in  other  lizards  and  secondarily 
lost  in  the  mainland  alpha  anoles).  Under- 
wood (1959)  did  not  discuss  any  major 
differences  in  scutellation  among  the  mem- 
bers of  the  roquet  group. 

Does  the  group  meet  the  test  of  mono- 
phyly  using  Hennig's  criteria?  The  LDH 
is  characterized  by  \ery  slow  electropho- 
retic  mobility  in  alkaline  buffer.  This  differs 
from  every  other  Anolis  so  far  studied,  in- 
cluding frenatus,  a  mainland  member  of 
the  latifrons  series  (Gorman  and  Dessauer, 
1966).  The  territorial  display  of  all  mem- 
bers of  the  group  is  characterized  by  the 
dewlap  being  held  extended  for  long  pe- 
riods of  time,  as  opposed  to  the  dewlap 
pumping  of  most  other  Anolis.  It  would 
appear  that  these  behavioral  and  biochemi- 
cal characters  are  synapomorphous  and  in- 
dicate monophyly. 

The  karyotype  of  2n=36  is  common  to 
many  alpha  Anoli.<i  and  thus  is  plesiomor- 
phous.  Three  members  of  the  roquet  group 
(roquet,  aeneus,  extremus)  have  the  re- 
duced chromosome  number  2n=.34.  This  is 
the  derived  condition  and  most  likely  oc- 
curred only  once. 

Therefore,  if  we  are  to  find  one  member 
of  the  species  group  that  might  be  the 
most  primiti\'e,  we  will  have  to  choose 
from  the  2n=36  group.  Two  of  these  fi\e 
forms,  richardi  and  griseus,  are  giant  anoles. 
This  appears  to  be  a  specialized  condition 
that  evolved  under  sympatry,  under  selec- 
tive pressure  for  splitting  the  food  niche. 


Of  the  three  remaining  candidates  {lu- 
ciae,  bonairensis,  and  trinitatis),  luciae  ap- 
pears best  to  fill  the  requirements  of  a 
probable  ancestor  of  the  group.  It  is  inter- 
mediate in  size  betsveen  the  two  giants 
and  the  other  forms.  St.  Lucia,  while  not 
quite  in  the  center  of  distribution  of  the 
species  group,  is  somewhat  centrally  lo- 
cated— for  there  are  roquet  group  members 
on  islands  to  the  southeast  (Barbados), 
southwest  (Bonaire),  due  north  (Marti- 
nique), and  due  south  (Grenada  bank  and 
St.  Vincent). 

Moreover,  evidence  from  territorial  dis- 
play behavior  supports  the  hypothesis  of 
primiti\eness  for  luciae.  It  will  be  recalled 
that  members  of  the  roquet  group  are 
characterized  by  not  pumping  the  dewlap 
and  that  this  appears  to  be  the  derived 
condition.  In  display,  luciae  bobs  multiple 
series  in  a  long  head-bobbing  sequence.  As 
each  series  ends,  there  is  a  pause  and  an 
extremely  slight  dewlap  retraction,  then 
re-extension  as  a  second  series  begins.  This 
may  well  be  a  \'estige  of  dewlap  pumping 
(Gorman,   1968). 

Is  it  likely  that  St.  Lucia  and  not  an  is- 
land nearer  to  the  South  American  main- 
land, such  as  Grenada  or  St.  Vincent,  would 
be  first  colonized?  In  point  of  fact,  we  know 
little  about  actual  patterns  of  colonization 
of  the  islands.  However,  two  genera  of 
snakes,  Bothrops  and  Constrictor,  are 
known  from  St.  Lucia  and  islands  to  the 
north,  but  not  from  St.  Vincent  or  Grenada 
(Lazell,  1964b).  It  is  possible  that  they 
have  never  reached  the  latter  islands.  The 
distance  between  St.  Lucia  and  the  nearest 
points  on  the  mainland  is  not  a  great  one  for 
anoles  to  cross  (approximately  200  miles); 
Williams  (manuscript)  has  shown  that  A. 
aJlisoni  has  colonized  the  Islas  de  la  Bahia 
from  Cuba,  travelling  a  distance  of  some 
400  miles.  Other  iguanids  have  crossed  from 
the  South  American  mainland  to  the  Gala- 
pagos, a  distance  of  600  miles. 

If,  in  fact,  the  original  colonists  came  on 
debris  from  the  Orinoco,  and  they  were 
swept  slightly  east  out  to  sea  as  the  currents 
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were  moving  north,  the  difference  in  dis- 
tance from  the  mainland  to  Grenada  or  St. 
Lucia  becomes  negligible. 

Let  us  accept  for  the  moment  the  hy- 
pothesis that  luciae  is  the  most  primiti\e 
member  of  the  group  and,  in  fact,  that  St. 
Lucia  represents  the  ancestral  home  of  the 
roquet  group,  and  tr\'  to  follow  the  se- 
quence of  colonizations  (  =phylogen\) .  We 
shall  discuss  possible  alternatives  later. 

We  infer  that  St.  X'incent  was  twice  col- 
onized from  St.  Lucia;  the  second  coloniza- 
tion took  place  after  the  first  colonists  had 
differentiated  from  the  St.  Lucia  stock. 
There  thus  were  two  species  on  St.  Vincent 
and,  with  two  species  sympatric,  we  might 
expect  selection  for  size  and  habitat  prefer- 
ence to  reduce  competition  for  food  and  to 
eliminate  wastage  of  gametes  in  unsuccess- 
ful interspecific  matings. 

In  fact,  this  model  picture  is  precisely 
borne  out  by  the  anoles  on  St.  \'incent.  We 
find  there  griseus,  a  giant  anole  found  pri- 
marily high  in  trees  in  deep  shade,  and  tri- 
nitatis.  a  smaller  species  (and  smaller  than 
luciae )  that  occupies  more  open  sites.  Both 
retain  the  ancestral  kar>otype  and  LDH. 
In  display  beha\ior,  griseus  remains  ex- 
tremely close  to  luciae;  the  displa>'  of  ///- 
nitatis  is  somewhat  more  modified. 

The  consistent  color  difference  between 
the  two  species  {trinitatis  is  green  and  un- 
mottled;  griseus  is  grey-bro\\n  and  pat- 
terned) may  have  been  fixed  by  selection 
as  another  recognition  signal,  in  addition  to 
size  and  habitat  differences. 

Next,  we  postulate  that  the  giant  griseus 
reached  the  Grenada  bank,  where  it  evolved 
into  richardi.  These  two  forms  are  \'ery 
closely  related  on  externals  and,  in  fact,  we 
know  of  no  diagnosis  that  will  separate 
them  unequi\ocally.  They  were  considered 
conspecific  on  the  basis  of  blood  proteins, 
which  were  very  similar,  including  a  com- 
mon hemoglobin.  The  only  difference  found 
was  in  transferrin,  a  protein  that  appears  to 
be  evolutionarily  labile  in  the  Reptilia  (Gor- 
man and  Dessauer,  1966).  Xow,  however, 
we  ha\e  found  an  LDH  difference.  Because 


ricliardCs  LDH  differs  from  that  of  the 
other  seven  members  of  the  species  group, 
and  since  richardi  is  also  a  specialized  form 
(giant)  with  a  display  less  like  that  of 
luciae  than  is  the  display  of  griseus,  it  is 
logical  to  consider  the  LDH  of  richardi  the 
derived  ( apomorphous )  condition.  The 
richardi  of  Tobago  hardly  differs  from  that 
of  the  Grenada  bank,  and  recent  coloniza- 
tion of  this  continental  island  from  the  Gre- 
nada bank  is  assumed. 

The  derivation  of  A.  honairensis  is  not 
clear.  But  it  is  possible  that  it,  too,  is  de- 
ri\'ed  from  A.  luciae.  Bonaire  lies  far  to  the 
west  of  the  main  Lesser  x\ntillean  chain. 
Howe\'er,  A.  honairensis  is  certainly  a  mem- 
ber of  the  roquet  species  group,  sharing 
common  osteological  (Etheridge,  1960), 
behavioral  (Gorman,  1968),  biochemical 
(Gorman  and  Dessauer,  1966),  and  cyto- 
logical  ( Gorman  and  Atkins,  1967 )  charac- 
ters. It  is  clearly  within  the  species  group 
in  terms  of  blood  proteins,  but  we  could 
not  place  it  particularly  close  to  any  one 
form.  When  the  species  was  described 
( Ruthven,  1923 ) ,  it  \\as  compared  with 
roquet  and  aeneus.  However,  in  chromo- 
somes it  falls  within  the  primitive  group  and 
could  hardh-  have  been  derived  from 
aeneus.  In  display  behavior  it  has  unique 
species-specific  components  which  seem, 
howexer,  to  be  most  similar  to  those  of 
luciae. 

Hummelinck  (1940)  described  a  sub- 
species of  honairensis  called  hlanquillanus 
from  the  island  of  La  Blanquilla  (see  Fig. 
2),  which  lies  approximateb'  halfway  be- 
tween Grenada  and  Bonaire.  Lhifortunately, 
live  lizards  of  this  form  have  been  una\'ail- 
able  for  stud\-.  It  is  probable  that  hlanquil- 
lanus is  the  li\'ing  intermediate  between 
luciae  and  honairensis. 

J.  D.  Lazell,  Jr.,  who  is  studying  the  ex- 
ternal morphology  of  Lesser  Antillean 
anoles,  informs  us  (personal  communica- 
tion) that  in  several  characters  honairensis 
is  most  closely  allied  with  luciae. 

What  then  of  the  three  forms  with  the 
reduced  chromosome  number?  These  three. 
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aeneiis,  extremus,  and  roquet,  are  very 
closely  related,  inter  se,  and  have  at  times 
been  considered  conspecific  (Underwood, 
1959).  Gorman  and  Dessauer  (1965) 
showed  that  in  terms  of  transferrins  and 
hemoglobins  the  three  form  a  linear  series 
with  extremus  in  the  center.  That  is,  ex- 
tremus shares  a  common  hemoglobin  with 
roquet,  and  a  common  transferrin  pattern 
with  aeneus,  while  roquet  and  aeneus  differ 
from  each  other  in  both  these  proteins. 

The  probable  ancestor  of  this  subgroup 
is  A.  trinitatis.  On  the  basis  of  externals 
(other  than  color)  it  is  only  with  great 
difficult\'  that  one  can  distinguish  trinitatis 
from  aeneus.  However,  trinitatis  differs 
from  the  subgroup  in  hemoglobin  and 
transferrin  (Gorman  and  Dessauer,  1966), 
display  (Gorman,  1968),  and  by  a  pair  of 
microchromosomes  (Gorman  and  Atkins, 
1967).  The  karyotypic  difference,  we  now 
know,  is  e\en  more  profound.  Studies  of 
meiosis  in  trinitatis-aeneus  hybrid  males 
( Gorman  and  Atkins,  1968b )  show  an  arrest 
at  metaphase  I,  with  poor  pairing  ability 
of  the  macrochromosomes;  i.e.,  there  are 
numerous  univalents. 

Colonization  may  have  gone  in  one  of 
two  likely  ways.  Either  from  St.  Vincent  to 
Grenada,  where  chromosome  loss  occurred 
leading  to  aeneus  (this  loss  of  a  chromo- 
some pair  could  be  interpreted  as  ha\'ing 
been  selected  for  as  an  additional  isolating 
mechanism  between  the  giant  and  the  small 
species);  or  from  St.  Vincent  to  Barbados 
where  chromosome  loss  was  accidental  but 
became  established.  If  the  former  were  the 
case,  then  the  route  of  colonization  would 
have  been  Grenada  to  Barbados  to  Marti- 
nique, whereas  if  Barbados  were  first  colo- 
nized, there  would  have  been  a  colonization 
in  two  directions,  to  Grenada  and  Marti- 
nique. It  is  fruitless  to  argue  this  further 
with  our  present  state  of  knowledge. 

Figures  12  and  13  summarize  the  possible 
colonization  routes  taken  by  the  roquet 
group,  as  outlined  above.  A  very  important 
point  in  this  hypothesis,  and  one  that  we 
shall  return  to  later,  is  that  Martinique  was 


the  most  recently  colonized  in  the  main 
chain. 

The  hypothesis  of  zoogeographic  move- 1 
ments  in  this  species  group  is  based  en- ! 
tirely  upon  the  analysis  of  the  phylogeny  I 
of  the  group.  This  produces  a  complex  pat- ; 
tern  of  distribution.  However,  no  simple 
model  will  suffice.  Darlington  ( 1957,  p. 
485)  proposes  two  models  to  explain  island 
patterns  of  distiibution.  One  is  termed  the 
immigrant  pattern.  "Distance  is  basically 
important.  Unless  other  factors  are  very  un- 
equal, animals  dispersing  from  a  continent 
to  an  archipelago  may  usually  be  expected 
to  reach  nearest  islands  first  and  to  spread 
to  other  islands  across  the  narrowest  water 
gaps.  The  resulting  pattern  of  distribution 
should  be  orderly  [italics  ours],  with  re- 
lated forms  occurring  in  series  on  adjacent 
islands  along  the  route  of  immigration." 
This  model  is  clearly  not  directly  applicable 
to  our  system.  For  we  would  then  expect 
that  the  island  nearest  the  mainland  (Gre- 
nada) would  have  anoles  closest  to  the 
mainland  stock — but,  in  fact,  the  two  Gre- 
nada bank  forms,  aeneus  and  richardi,  both 
have  important  apomorphous  characters: 
richardi  the  derived  LDH,  and  aeneus  the 
derived  karyotype. 

Darlington's  second  model,  to  explain  the 
relict  pattern,  is  not  at  all  applicable  to  the 
roquet  group.  "If  a  group  of  animals  were 
once  well  represented  on  an  archipelago 
and  were  then  reduced  in  numbers  and 
eliminated  on  some  of  the  islands.  .  .  .  the 
survivors  would  probably  not  form  an  or- 
derly series  on  adjacent  islands  but  would 
occur  irregularly"  ( op.  cit.  p.  485 ) .  There  is 
absolutely  no  evidence  that  leads  us  to  be- 
lieve that  any  anoles  are  relicts  in  the  Lesser 
Antilles. 

However,  the  model  of  movements  that 
we  propose  does  not  really  differ  too  much 
from  Darlington's  immigrant  pattern,  //  St. 
Lucia  and  not  Grenada  was  the  first  colo- 
nized island.  Then,  most  subsequent  colo- 
nizations are  hops  to  the  nearest  adjacent 
islands;  from  St.  Lucia  to  St.  Vincent  twice, 
from  St.  Vincent  to  the  Grenada  bank  t\vice, 
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Figure  12.  Possible  colonization  routes  of  the  roquet  group.  Colonization  of  St.  Lucia  from  Soutfi  America  and  radiation 
from  St.  Lucia  of  tfie  five  forms  witli  the  primitive  karyotype  2n  z^  36.  Broken  arrows  trace  tfie  path  of  the  giant  forms, 
solid  arrows  the  small   forms. 


from  the  Grenada  bank  to  Barbados,  and 
from  Barbados  to  the  nearest  avaihible 
"empty"  island,  Martinique.  Let  us  re-em- 
phasize that  the  differences  in  distance  from 
the  Orinoco  to  St.  Lucia  and  to  Grenada  are 
actually  fairly  negligible  compared  with  the 
over-water  colonizing  abiUty  already  estab- 
lished for  Anolis. 

Furthermore,  any  h\'pothesis  in\'ol\ing 
replacement  or  successixe  waves  of  coloni- 
zation requires  several  long-distance  over- 
water  successful  ]ourne\s.  Yet,  as  Darling- 
ton states,  "the  death  rate  of  most  terrestrial 
animals  during  dispersal  across  salt  water 
is  presumably  high  and  presumabh-  forms 
a  geometric  progression:  if  only  one  in- 
di\idual  in  a  thousand  survives  the  crossing 
of  a  hundred  miles  of  sea,  onlv  one  in  a 


thousand  of  the  remainder  will  be  expected 
to  sur\i\e  the  second  hundred  miles"  (op. 
cit.,  p.  485).  \\'e  would  argue  that  the  prob- 
ability of  successful  colonization  between 
adjacent  island  banks  is  much  greater  than 
the  probability  of  multiple  colonizations 
from  the  mainland,  even  though  the  pro- 
posed inter-island  colonization  may  go 
against  pre\-ailing  currents.  Recall  that  o\er 
short  distances,  current  mo\ement  may  be 
in  an\-  direction. 

There  is  a  further  factor  that  argues 
against  multiple  mainland  colonization. 
Members  of  the  roquet  group  are  extremely 
closely  related  inter  se;  yet  they  are  not  \'ery 
close  to  any  living  mainland  forms.  We 
would  ha\e  to  postulate  extinction  of  an 
ancestor  that  was   doing  rather   well   and 
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Figure  13.  Possible  colonization  routes  of  the  roquet  group;  the  origin  and  dispersal  routes  of  the  advanced  2n  =z  34  sub- 
group. Two  possible  pathways  ore  illustrated.  Both  originate  from  St,  Vincent  where  trinitatis  2n  =  36.  Solid  arrows  show 
colonization  to  the  Grenada  bank,  then  to  Barbados  and  then  Martinique.  Broken  arrows  show  colonization  from  St. 
Vincent  to  Barbados  and  double  colonization   from   Barbados   to  Grenada   and   Martinique. 


sending  out  numerous  colonists.  There  is  onto  Trinidad  and  Guayana  (present  pat- 
no  obvious  reason  why  roquet  group  anoles  terns  of  distribution  could  only  be  ac- 
would  not  do  well  on  the  mainland  and,  in  counted  for  by  introduction),  is  flourishing 
fact,   aeneus,   which   has  been   introduced  and     possibly     spreading.      The     simplest 
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model,  then,  is  to  consider  the  roquet 
group  autochthonous  to  the  Lesser  Antilles. 
The  most  difficult  part  of  the  roquet  dis- 
tribution to  understand  is  the  presence  of 
honairensis  far  to  the  west.  To  derive  this 
species  from  lucidc  we  must  invoke  long 
distance  migration  to  the  south  (against 
pre\ailing  currents)  and  west  (with  pre- 
vailing currents).  An  alternative  might  be 
via  Blanquilla,  and  colonization  of  Blan- 
quilla  may  have  been  from  St.  Vincent  or, 
possibly,  from  Grenada  before  the  establish- 
ment of  chromosome  loss  in  what  ultimately 
became  aeneus  (see  Fig.  12). 

The  bimaculafus  species  group 

To  understand  the  broad  features  of  the 
Lesser  Antillean  Jjimaculotus  forms,  we 
must  first  examine  the  Puerto  Rican  situa- 
tion. There,  two  species  (cuvieri  and  occul- 
tus)  have  the  primiti\'e  alpha  anole  karyo- 
type characterized  by  six  pairs  of  meta- 
centric macrochromosomes,  a  sharp  break 
between  macro-  and  microchromosomes, 
and  no  obxious  sex  chromosomal  hetero- 
morphism.  This  appears  quite  unrelated  to 
the  karyotype  of  the  J)imacttlatus  group 
sensu  stricto,  which  has  complex  sex 
chromosomal  heteromorphism,  an  increased 
number  of  autosomal  macrochromosomes, 
some  of  which  are  acrocentric  or  subacro- 
centric,  and  a  correspondingly  reduced 
break  between  the  size  of  the  smallest 
macrochromosomes  and  the  microchromo- 
somes. 

While  we  do  not  have  enough  li\ing  in- 
termediates to  trace  every  part  of  the  origin 
of  the  Lesser  Antillean  himacuJatus  karvo- 
t\pe,  the  acutus  group  provides  \-aluable 
clues.  All  members  of  this  group  have  karv- 
otvnes  that  in  some  wav  resemble  typical 
alpha  AnoUs  (primitive)  and  Lesser  Antil- 
lean himacuJatus  (highly  derived).  In  three 
species,  acutus,  stratulus,  and  evennanni, 
the  six  largest  pairs  of  chromosomes  are 
metacentric,  and  there  tends  to  be  a  fairly 
sharp  break  between  pairs  sLx  and  seven,  as 
in  most  alpha  Anolis.  But  all  members  of  the 
acutus  group  have  diploid  numbers  reduced 


from  the  primiti\'e  36,  and  all  but  ever- 
ruanni  have  an  XjXoY  sex  chromosomal 
mechanism.  In  these  respects  they  resemble 
the  Lesser  Antillean  himacuJatus  forms. 

AnoJis  disticJius  is  unusual  in  the  acutus 
series  because  the  sharp  break  in  chromo- 
somes occurs  between  pairs  five  and  six, 
instead  of  between  six  and  sexen.  This  is 
probably  a  deri\'ed  condition  resulting  from 
additional  translocations  and  rearrange- 
ments following  the  establishment  of  the 
acutus-Mke  karyotype. 

There  is  a  similarit\'  between  the 
chromosomes  of  the  acutus  group  and  the 
beta  anoles  (see  Gorman  and  Atkins,  1966, 
for  figures).  This  is  interpreted  as  conver- 
gence in  the  evolution  of  the  karyotype.  In 
both  groups  there  is  an  increase  in  the 
number  of  metacentric  macrochromosomes, 
seemingly  at  the  expense  of  the  micro- 
chromosomes. 

What  appears  likely,  then,  is  rapid  e\'0- 
lution  of  the  anole  fauna  on  the  Pvierto 
Rico  bank  from  a  primiti\e  alpha  stock. 
This  led  to  a  group  characterized  by  a  re- 
duced diploid  number  and  a  sex  trivalent. 
Two  groups  emerged  from  this  line,  the 
cristafeJJus  group  and  the  acutus  group. 
The  t\\'o  are  karyotypically  very  similar, 
and  on  the  basis  of  chromosomes  alone,  we 
would  not  ha\'e  separated  them.  The  most 
di\'ergent  member  of  the  acutus  group  is 
evermanuh  with  its  low  chromosome  num- 
ber ( the  lowest  known  in  the  genus ) ,  rapid 
LDH  mobility,  and  a  heteromorphic  pair 
of  sex  chromosomes  rather  than  the  three 
sex  chromosomes.  The  evermanni  stock 
probably  diverged  earlv  and  secondarily/ 
lost  the  XiXoY  sex  chromosomal  svstem. 

It  is  significant  that  the  LDHs  of  tcattsi. 
acutus,  and  Hispaniolan  disticlius  appear 
iVlcnfir'ali  whereas  in  chromosomes,  wattsi 
and  the  Lesser  Antillean  l)imacuJatus  group 
are  similar.  A.  wattsi  has  traditionally  been 
considered  taxonomicallv  close  to  acutus 
{e.g.  Underwood,  1962:  70),  and  the  LDH 


^  Identical  electrophoretic  mobility  is  suggestive 
of,  l>ut  does  not  prove,  structural  identity  of 
proteins. 
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finding  corroborates  morphological  studies. 
The  stock  directly  ancestral  to  disficlius  and 
ocutus  probably  later  underwent  additional 
centric  fusions  and  in\'ersions  leading  to  the 
tcottsi  karyotype;  this  stock  in  turn  gave 
rise  to  the  Lesser  Antillean  himaculatiis 
group,  which  evolved  a  new  LDH  that  has 
remained  constant  in  all  races  of  the  species 
group.  These  facts  argue  again  for  a  single 
successful  colonist  in  the  northern  Lesser 
Antilles  which,  through  more  or  less  step- 
wise colonization,  filled  the  northern  half  of 
this  chain,  much  as  the  roquet  group  in  the 
south  evolved  by  stepwise  colonization, 
radiating  from  St.  Lucia. 

The  similarity  in  LDH  mobility  of  His- 
paniolan  distichus  and  acutus,  the  two 
species  in  the  acutus  group  with  the  highest 
chromosome  number,  implies  that  this  LDH 
may  be  primitive  for  the  acutus  subgroup. 
The  peripheral  Bahaman  populations  would 
have  an  apomorphous  LDH,  as  would  the 
Puerto  Rican  species  stratulus  and  ever- 
manni. 

The  four  members  of  the  acutus  group 
have  four  distinct  karyotypes  and  at  least 
four  different  LDHs  (there  being  inter- 
island  variation  in  distichus).  The  peripher- 
ally evolved  Lesser  Antillean  himaculatus 
group,  although  representing  eight  distinct 
forms  (a  ninth,  A.  nuhiJus  from  Redonda, 
was  unavailable  for  study),  has  only  one 
LDH  and  only  two  karyotypes.  Note  that 
in  the  roquet  group,  in  which  eight  distinct 
forms  were  also  studied,  there  are  only  two 
different  LDHs  and  two  different  karyo- 
types. This  may  represent  a  canalization  of 
certain  characters  in  peripherally  isolated 
populations  when  compared  with  the  spe- 
cies-rich source  area. 

Because  detailed  behavioral  and  bio- 
chemical studies  have  not  been  undertaken 
for  the  Lesser  Antillean  himacxdatus  group, 
we  are  unable  to  provide  directional  arrows 
based  on  the  sort  of  evidence  used  for  the 
roquet  group.  However,  it  appears  clear 
that  the  primitive  members  of  the  group 
are  in  the  northern  and  western  parts  of 
the  range.    In  chromosomal  characters,  the 


acutus  group  is  intermediate  between  primi- 
tive alpha  and  wattsi.  A.  wattsi,  in  turn, 
shares  an  important  character  with  acutus 
( LDH )  and  with  Lesser  Antillean  himacu- 
latus ( chromosomes ) .  Thus  the  most  highly 
derived  forms,  the  himaculatus  group  sensu 
stricto,  are  found  at  the  extreme  south  and 
east  of  the  range  of  the  group. 

If  we  assume  that  the  colonization  fol- 
lowed the  simple  immigrant  pattern  of  Dar- 
lington, we  would  expect  that  the  most 
primitive  members  of  the  series  would  be 
in  the  northwest  ( they  are )  and  that  coloni- 
zation occurred  in  an  almost  stepwise  man- 
ner south  and  east  along  the  chain.  Because 
this  is  against  major  currents,  we  would  not 
expect  any  long  distance  "leap-frogging." 
But  again,  distances  between  islands  are  so 
small  that  short  hops  south  could  certainly 
occur.  Thus  it  is  not  improbable  that  Do- 
minica, the  southernmost  of  the  himacula- 
tus islands,  was  the  last  colonized,  much 
as  Martinique,  the  northernmost  of  the 
roquet  islands,  was  probably  the  last  colo- 
nized by  that  group. 

This  raises  a  discussion  of  karyotypic 
comparison  of  Dominica  oculatus  with 
other  members  of  the  himaculatus  group. 
Earlier,  it  was  pointed  out  that  the  differ- 
ence in  karyotype  was  Robertsonian.  The 
number  of  chromosomal  arms  is  the  same 
in  oculatus  and  in  the  other  members  of 
the  species  group  (see  Figs.  7A,  B).  How- 
ever, two  pairs  of  acrocentric  chromosomes 
in  oculatus  are  represented  by  a  single  pair 
of  metacentric  chromosomes  in  all  the  other 
members  of  the  species  group. 

Was  there  an  increase  in  chromosome 
number  by  centric  fission?  The  answer  is 
probably  yes.  Centric  fusions  (reducing  the 
diploid  number)  appear  to  be  much  more 
common  than  the  reverse  process  (White, 
1963),  and  centric  fusion,  or  complete 
loss,  is  the  mechanism  that  we  postulate 
in  the  roquet  group,  in  which  three  forms 
have  the  reduced  chromosome  number. 
Centric  fission,  however,  has  been  substan- 
tiated in  the  Iguanidae  (Plica  plica,  see 
Gorman,  Atkins,  and  Holzinger,  1967).  Why 
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Figure    14.      Proposed    phylogeny   of   fhe   bimaculatus,    acutus,    and    Puerto    Rican   species   groups   of   Anolis.     Ma|or  changes    in 
karyotype,   tDH,    and   geograpfiic   movements   are   indicated. 


is  it  invoked  in  this  case?  Acrocentric  auto-  step  more  derived  than  the  karyotypes  of 
somes  are  unknown  in  any  other  alpha  the  other  Lesser  Antillean  members  of  the 
Anolis.    The    karyotype    thus    appears    one      bimaculatus  series. 
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Figure  15.  Summary  of  the  general  patterns  of  biogeographic  movements.  Heavy  arrows  Indicate  colonization  from  South 
America  (they  are  not  meant  to  imply  exact  paths).  Two  major  movements  are  postulated.  One  is  to  the  Greater  Antilles, 
with  subsequent  colonization  of  the  northern  Lesser  Antilles.  This  gave  rise  to  the  bimaculalus  group.  The  second  is  to  the 
southern  Lesser  Antilles,  where  the  roquet  group  evolved.  Light  arrows  indicate  general  movements  within  the  species 
groups,  as  discussed  in  the  text.  The  double  horizontal  line  indicates  the  geographic  break  between  the  two  Lesser  Antil- 
lean   species  groups. 


Utilizing  the  data  from  chromosomes  and 
LDH,  we  can  propose  a  model  of  the  prob- 
able phylogenetic  history  of  the  Puerto 
Rican  and  northern  Lesser  Antillcan  anoles 
(Fig.  14). 

There  is  only  one  inconsistency  between 
this  model  and  Etheridge's  classification  of 
anoles.  Puerto  Rican  members  of  the  cris- 
tatellu.s  group  have  a  derived  karyotype. 
The  common  Hispaniolan  species  A.  cij- 
hotes  has  the  primitive  alpha  karyotype 
(2n=36)  with  the  absence  of  sex  chromo- 


somal heteromorphism  (Gorman  and  Atkins, 
1966).  Yet  Ethcridgc  (1960)  places  this 
species  in  the  cristatellus  group  on  the 
basis  of  osteology.  It  shares  with  the  other 
members  of  this  group  not  only  the  same 
osteological  formulas  (such  as  number  of 
attached  and  free  parasternals ) ,  but  also  an 
osteological  character  almost  unique  to  the 
group— "jaw  sculpturing"  ( one  or  more  deep 
semilunar  excavations  on  the  lower  surface 
of  the  dentary  in  adult  males).  If  we  are 
to  reconcile  this  conflict,  we  could  assume 
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that  a  pToto-cristateUus  stock  colonized  His- 
paniola  from  Puerto  Rico  before  the  com- 
mencement of  the  reconstruction  of  the 
karyot\ioe.  Perhaps  this  stock  had  a  ten- 
denc\'  to  e\ol\e  "jaw  sculpturing,"  and  the 
character  arose  in  parallel  in  the  tvvo  island 
populations.  Or  possibly,  the  character  is 
con\ergent:  there  is  one  non-cristateJhis 
group  member  (A.  ar(iiUaceus  of  the  an- 
gusticeps  series )  that  has  independently  ar- 
rived at  a  similar  condition  (Etheridge, 
1960,  p.  74). 

One  final  point  needs  discussion — the 
mutual  geographic  exclusion  of  the  two 
Lesser  Antillean  species  groups.  Under- 
wood (1959)  ^\Tote,  "There  is  every  reason 
to  believe  that  anoles  disperse  readih-;  I  am 
therefore  at  a  loss  to  explain  \\'hy  the  two 
groups  do  not  o\'erlap."  It  is  clear,  howe\er, 
that  one  or  tvvo  species  of  Anolis  can  easily 
saturate  a  Lesser  Antillean  island.  The  short 
distances  between  the  islands  must  make  it 
possible  for  waifs  to  cross  from  time  to 
time.  Yet  each  island  bank  has  distinct 
forms.  Once  an  empty  island  recei\'es  suc- 
cessful colonists,  it  probably  takes  a  rela- 
tively short  time  for  a  nearly  complete  oc- 
cupation of  the  generalized  anole  niche. 
Thus  a  new  arrival  to  an  island  already 
colonized  will  suffer  from  the  competition 
of  numerous  healthy,  well-adapted  con- 
geners. The  probability  of  successful  estab- 
lishment is  thus  much  less  than  on  a  com- 
parable island  devoid  of  anoles. 

In  all  cases  in  the  Lesser  Antilles  where 
two  species  of  anoles  are  sympati-ic,  the>' 
differ  greatly  in  size  ( wattsi  is  \er\'  small 
and  is  sympatric  with  se\eral  members  of 
the  ])iinocuIatus  group,  including  the  two 
largest  forms;  richardi  and  griseus  are  very 
large  and  are  sympatric  \\\\h  the  two 
smallest  roquet  group  anoles).  There  are 
also  differences  in  habitat  preference 
(Schoener  and  Gorman,  1968). 

The  Lesser  Antilles  were  probabh'  colo- 
nized at  more  or  less  the  same  time  from 
two  separate  directions.  The  roquet  group, 
deri\'ed  from  South  America,  filled  the 
southern  islands,  while  bimaculotus,  start- 


ing on  the  Puerto  Rican  bank,  filled  the 
northern  islands.  Somewhat  fortuitousK',  the 
northernmost  of  the  roquet  group  islands 
and  the  southernmost  of  the  hunaculatus 
group  islands  were  the  last  to  be  colonized 
by  anoles.  These  islands  were  then  filled  up 
by  moderate  sized  Hzards  of  broad  ecologi- 
cal adaptability,  and  the  two  groups  were 
unable  to  establish  themselves  on  islands  al- 
ready held.  Figure  15  summarizes  the  bio- 
geographic  mo\'ements  discussed. 
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INTRODUCTION 

The  family  Tellinidae   is   a  widely   dis- 
tributed, entirely  marine,   eulamellibranch 
group   of  bivalves   with   three   subfamilial 
elements — the  Tellininae,   the   Macominae 
and  the  Strigillinae.    With  its  phylogenetic      can  be  taken  into  consideration,  and  since 
roots  in  the  Mesozoic,  the  family  had  al-      the  interpretation  of  the  differentiation  of 
ready  undergone  considerable  radiation  by      the  group  can  be,  at  best,  only  an  approxi- 
the  Upper  Cretaceous,  and  by  the  base  of      mation  of  what  has  actually  happened, 
the    Neogene,    the    lineages     culminating  When  one  studies  the  species-complexes 

in   the    Recent    representatives    had    been      of    the    South    African    area    that    are    in 
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established.  The  Tellininae  is  a  rather 
conspicuous  member  of  the  tropical  and 
subtropical  infaunal  benthos,  whereas  the 
Macominae,  possibly  less  highly  speciated, 
has  its  stronghold  in  the  cold  temperate, 
boreal,  and  arctic  realms. 

The  Strigillinae,  rounded  in  shape, 
sculptured  with  scissulations,  and  usually 
highly  colored,  is  also  tropical  and  sub- 
tropical in  its  distribution  and  richest  in 
number  of  species  in  the  eastern  Pacific- 
Caribbean  region  (Boss,  1969). 

Having  been  for  some  time  interested  in 
the  systematics  of  the  genus  TelJina  (Boss 
1966b),  I  began  studying  the  species  of 
South  African  waters  while  working  on 
board  the  R/V  ANTON  BRUUN  during 
Cruise  7  of  the  International  Indian  Ocean 
Expedition  off  the  coast  of  southeast  Africa. 

The  species  taken  in  South  Africa  bear 
considerable  resemblance  to  those  of  the 
western  Atlantic-eastern  Pacific  as  well  as 
the  Mediterranean  areas.  Thus  my  interest 
in  the  evolution  of  this  group  and  in  the 
interrelationships  of  the  faunas  expanded 
into  the  present  review  of  the  South  African 
species.  Any  geographically  restricted  study 
of  widely  dispersed  organisms  in  the  marine 
habitat  is  necessarily  incomplete,  since  not 
all  the   species — either   fossil   or   Recent — 


82        Bulletin  Museum  of  Comparative  Zoology,  Vol.  138,  No.  4 


reality  of  Indo-Pacific  distribution,  one 
fact  becomes  immediately  apparent:  most 
species  live  throughout  the  Indo-Pacific 
from  east  African  waters  to  as  far  south  as 
Durban  and  as  far  east  as  the  Hawaiian 
Islands.  These  species  have  been  subject 
to  overnaming.  Species  such  as  TeUina 
semen,  T.  capsoides,  and  T.  pema  have 
extensive  s>monymies,  which  will  no  doubt 
be  increased  as  more  of  the  obscure,  named 
forms  of  the  Philippines,  Indonesia,  and 
India  are  recognized  for  what  they  really 
are. 

The  major  papers  dealing  with  the 
taxonomy  of  the  Tellinidae  have  recently 
been  discussed  (Boss,  1966b).  The  genus 
Tellina  was  established  by  Linnaeus 
(1758),  and  the  species  that  he  originally 
included  have  been  reviewed  b\'  Hanlev 
( 1855 ) ,  Romer  ( 1871 ) ,  and  Dodge  ( 1952 )' . 
Monographic  revisions  or  surveys  of  the 
family  began  with  Spengler  ( 1798),  though 
Schroter  (1788)  discussed  numerous  spe- 
cies, and  were  continued  in  the  19th 
century  with  the  work  of  Hanlev  (1846), 
Sowerby  (1869),  Romer  (1870-73),  and 
Bertin  (1878).  Dall  (1900)  treated  the 
superspecific  taxa;  Salisbury  (1934)  listed 
the  superspecific  groups  and  renamed  a 
number  of  homonvTns;  and  Afshar  (1950) 
attempted  a  revision  of  the  generic  and  in- 
frageneric  taxa. 

Barnard  (1958)  presented  an  historical 
resume  of  the  workers  who  have  described 
South  African  mollusks.  With  regard  to  the 
tellens,  Krauss  (1848)  was  among  the 
earliest  malacologists  to  publish  specifically 
on  the  South  African  fauna.  Later,  von 
Martens  (1874)  reported  on  specimens 
collected  by  Fritsch.  In  a  series  of  papers, 
Sowerby  (1889a  and  b;  1892;  1894;  1897; 
1904)  described  many  new  species,  includ- 
ing some  collected  by  the  trawler  PIETER 
FAURE;  Tomhn  (1926)  also  worked  on 
some  of  that  material.  The  collection  made 
by  Turton  was  reported  on  by  Bartsch  (1915) 
and  later  by  Turton  himself  (1932).  The 
latest  and  most  important  contribution  to 
the  knowledge  of  the  South  African  malaco- 


fauna  is  the  work  of  Barnard  ( 1964b ) .  Bos- 
hoff  ( 1965)  discussed  the  bivalves  of  Inhaca 
Island,  Mozambique.  The  large  national 
oceanographic  expeditions  usually  rounded 
the  Cape  on  their  way  home  and  collected 
in  these  waters.  Smith  (1885)  did  the 
CHALLENGER  lamellibranchs  and  Thiele 
and  Jaeckel  ( 1931 )  worked  up  those  of  the 
VALDIVIA. 

Recently  an  extensive  paper  on  the 
superfamily  Tellinacea  in  Chinese  seas  has 
been  published  by  Skarlato  (1965).  He 
discusses  54  species  of  the  family  Tel- 
linidae. Of  these,  more  than  half  are 
referable  to  TeUina  in  its  broadest  sense. 
In  general,  what  I  have  reduced  to  sub- 
genera, Skarlato  employs  as  genera.  Of 
particular  interest,  however,  is  his  excel- 
lently detailed  geographic  analysis  and 
recognition  of  certain  species  that  are 
widely  distributed  in  the  Indo-Pacific 
region. 

ACKNOWLEDGMENTS 

I  would  like  to  acknowledge  my  appre- 
ciation to  the  following  for  their  consider- 
ate help  and  cooperation  in  this  study. 
For  the  loan  of  specimens:  Dr.  J.  R. 
Grindley,  South  African  Museum,  Cape 
Town;  Dr.  A.  C.  van  Bruggen,  sometime 
Curator  of  Molluscs,  Natal  Museum,  Pieter- 
maritzburg,  presently  of  the  Rijksmuseum 
van  Natuurlijke  Historic,  Leiden;  Messrs. 
W.  J.  Lawson  and  P.  A.  Clancey,  Durban 
Museum  and  Art  Gallery;  Professor  J. 
H.  Day  and  Mr.  J.  G.  Field,  Zoology 
Department,  University  of  Cape  Town.  For 
sending  his  then  unpublished  manuscript 
and  photographs  of  the  bivalves  of  Inhaca, 
Mozambique:  Dr.  P.  H.  Boshoff,  Johannes- 
burg. For  permission  to  study  material  un- 
der their  care:  Dr.  R.  T.  Abbott,  Academy 
of  Natural  Sciences,  Philadelphia,  Penn- 
sylvania; Dr.  J.  Rosewater,  U.  S.  National 
Museum,  Washington,  D.  C;  Dr.  W.  J. 
Clench,  Museum  of  Comparative  Zoology, 
Harvard  University,  Cambridge,  Massa- 
chusetts; Mr.  N.  Tebble  and  the  Trustees 


South  African  Tellina  •  Boss 


83 


of  the  British  Museum  (Natural  History); 
Dr.  E.  Binder,  Museum  d'Histoire  Natur- 
elle,  Gene\a.  For  information  eoncerning 
the  lost  t\pes  of  Krauss:  Dr.  Horst  Janus, 
Staatliehes  Museum  fiir  Naturkunde,  Stutt- 
gart. For  inking  the  line-cut  illustrations: 
Mrs.  M.  Carrington,  BCF  Ichthyological 
Laborator\\  Washington,  D.  C.  For  photo- 
graph of  M.  dispar:  Dr.  J.  E.  Chimoske\'. 
Retina  Foundation,  Boston,  Massachusetts. 
For  reading  the  manuscript:  Mr.  R.  I. 
Johnson  and  Dr.  W.  J.  Clench,  Harvard 
University.  For  permission  to  participate 
in  Cruise  7  of  the  R/V  ANTON  BRUUN: 
the  National  Science  Foundation  and  Dr. 
J.  Ryther.  coordinator  of  the  biology  pro- 
gram of  the  nOE.  For  financial  support 
during  the  progress  of  the  work:  Drs.  D. 
Cohen  and  B.  Collette,  BCF  Ichthyological 
Laboratorw  Washington,  D.  C. 

ABBREVIATIONS 


AMNH 

ANSP 

BMNH 

DM 
MCZ 

MHNG 

MNHNP 

NM 

SAM 

UCT 

USNM    - 


American  Museum  of  Natural 
History,  New  York. 

-  Academy  of  Natural  Sciences 
of  Philadelphia,   Pennsylvania. 

-  British  Museum  ( Natural  His- 
tory ) . 

-  Durban   Museum,  Durban. 

-  Museum  of  Comparative  Zo- 
ology, Harvard  University, 
Cambridge,   Massachusetts. 

-  Museum  d'Histoire  Naturelle, 
Geneva. 

-  Museum  National  d'Histoire 
Naturelle,  Paris. 

•  Natal  Museum,  Pietermaritz- 
burg. 

South  African   Museum,   Cape 
Town. 

■  University     of     Cape     Town, 
Ecology  Survey. 
United    States    National    Mu- 
seum, Washington,  D.  C. 


Tellinidae  —  all  its  genera  and  all  its 
species.  Certain  of  the  mort>  noticeable 
anatomical  features  of  the  animals  are  re- 
flected in  the  structure  of  the  shell  —  a 
fact  which  at  least  in  part  justifies  the 
reliance  of  the  system  on  shell  morphology. 
Plate  1  illustrates  the  major  conchological 
traits  of  Tellina.  The  most  important  ele- 
ments are  the  teeth,  which  are  com]-)rised 
of  two  portions:  (1)  a  cardinal  complex 
consisting  in  the  right  valve  of  an  anterior, 
single,  variously  thickened  cardinal  tooth 
and  of  a  posterior,  variously  thickened  and 
skewed,  bifid  cardinal  tooth,  and  in  the 
left  valve  of  an  anterior  bifid  cardinal  tooth 
and  of  a  single  posterior  cardinal  tooth; 
and  (2)  a  lateral  dental  complex  of  vari- 
able development.  Interlocking  the  valves 
medially,  the  cardinal  complex  is  supported 
by  a  hinge  plate  and  is  virtually  the  same 
throughout  the  family  or  within  related 
families  of  the  superfamily  Tellinacea 
(e.g.,  Semelidae).  The  cardinal  complex 
offers  little  of  diagnostic  value  at  levels 
family,  although  in  certain 
right  posterior  bifid  tooth  is 
and    strongly    skewed    poste- 


below 


TAXONOMIC  CHARACTERS 

The  characteristics  of  the  shell  serve  as 
the  basis  for  the  systematics  of  the  family 


the 
species   the 
protuberant 
riorly. 

The  lateral  teeth,  on  the  other  hand, 
have  been  employed  as  the  basis  for  dis- 
tinguishing the  Tellininae  (with  lateral 
teeth)  and  the  Macominae  (without  lateral 
teeth).  These  teeth  are  differentiatt^l  pro- 
jections of  the  hinge  line  and  serve  to 
stabilize  and  interlock  the  two  opposing 
valves.  A  complete  complement  of  lateral 
teeth  totals  four  —  one  anterior  and  one 
posterior  (in  each  valve).  Those  of  the 
left  valve  tend  to  be  less  strongly  de- 
veloped, and  the  right  anterior  lateral  tends 
to  be  the  most  strongly  developed.  Tlie 
relative  distances  from  the  cardinal  com- 
plex at  which  the  lateral  elements  are 
developed  are  important  in  the  recognition 
of  certain  groups.  Thus,  in  Tellina  sensu 
stricto  and  TelJinella,  the  right  anterior 
lateral  tooth  is  distal  to  the  cardinal  com- 
plex, whereas  in  Tellinides  and  Homalina 
that   anterior   lateral    is   virtually   incorpo- 
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Plate  1.  Diagrammatic  representation  of  the  shell  morphology  of  a  generalized  Jellina.  Fig.  1.  Internal  view  of  a  right 
valve:  1,  cardinal  complex  with  the  single,  anterior,  laminate  cardinal  tooth  and  the  bifid,  posterior  cardinal  tooth;  2,  liga- 
ment; 3,  nymphal  callosity;  4,  posterior  lateral  tooth;  5,  posterior  adductor  muscle  scar;  6,  cruciform  muscle  scars;  7,  palliol 
sinus;  8,  palliol  line;  9,  interlinear  scar;  10,  anterior  adductor  scar;  11,  pedal  retractor  scars;  12,  anterior  lateral  tooth.  Fig.  2. 
External  view  of  a  left  valve:  1,  umbo;  2,  anterior  dorsal  margin;  3,  oblique  sulcus  or  scissulation;  4,  anterior  margin;  5,  disc; 
6,    ventral    margin;    7,   concentric  sculpture;    8,    posterior    margin;  9,  posterior  slope;   10,  posterior  dorsal  margin. 


rated  into  the  cardinal  complex,  and  in 
EimjtelVma  the  tooth  is  proximal  to  it. 

Tlie  ligament  is  opisthodetic  (situated 
behind  the  umbos )  and  consists  of  an  outer 
homv  external  sheath  and  a  white  internal 
calcareous  element.  The  latter  is  supported 
by  a  thickening  of  the  hinge  line,  which  is 
called  the  nymphal  callosity. 

The  ligament  is  usually  short  and  pro- 
tuberant,  though    in   certain    species    it   is 


elongate  and  thin  (e.g.,  Tellina  (PhyUoda) 
foliucea  Linnaeus)  or  tending  to  become 
internal  (e.g.,  TcUidom  cristota  Recluz). 

The  external  surface  of  the  valves  may 
be  invested  with  variously  developed  sculp- 
ture, though  the  overwhelming  majority  of 
the  species  tend  to  be  smooth  or,  at  most, 
weakly  and  concentrically  incised  with  fine 
sulcations.  Acentric  sulcations  are  found 
in    the    subfamilial    Strigilhnae    and    in   a 
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number  of  subgenera  (e.g.,  Scissula,  Fabu- 
lina,  Scis^dina)  (Boss  1966a).  Raised  and 
differentiated  ridges  or  rasps  are  found  in 
some  species-complexes  and  groups  (e.g., 
T.  scohinato  Linnaeus,  T.  rastellum  Hanley, 
T.  palatam  Iredale). 

Relatively  strong  concentric  lirations  are 
found  in  such  groups  as  Scrrafina,  TcIIin- 
clla.  and  Merisca.  Differentiated  dorsal 
spines  are  usually  extensions  of  sublamel- 
late  concentric  sculptures  (Quodrans  and 
Tellidora).  The  lirations  in  Cadella  and 
MoercUa  are  closely  spaced  and  rather 
smooth. 

The  internal  surface  of  the  valves  shows 
many  anatomical  traits:  the  size  and  dis- 
position of  the  anterior  and  posterior  ad- 
ductor muscles,  the  anterior  and  posterior 
pedal  retractor  muscles,  and  the  ventral 
cruciform  muscles.  The  pallial  scars  in- 
clude those  of  the  pallial  sinus,  impressed 
by  the  siphonal  retractors,  and  the  pallial 
line  made  by  the  muscles  of  the  edge  of 
the  mantle.  Infrequently  an  interlinear 
scar  connects  the  palhal  sinus  with  the 
anterior  adductor  muscle  scar.  The  Gcstalt 
of  these  muscle  scars  is  usually  specifically 
diagnostic  —  particularly  when  it  is  em- 
ployed in  conjunction  with  less  easily 
described  features,  such  as  the  outhne  of 
the  valves,  the  truncation  of  the  posterior 
end,  or  the  thickness  or  color  of  the  shell. 

The  shapes  of  all  the  muscles,  though 
very  similar  in  closely  related  species,  may 
be  ver\'  different  in  separate  lineages.  Thus 
in  T.  Uliana  Iredale  from  New  Zealand, 
the  anterior  adductor  is  very  long,  narrow, 
and  semilunate;  in  T.  palatam  Iredale  of  the 
Indo-Pacific,  the  posterior  adductor  muscle 
has  an  unusual  ventral  extension.  The 
pallial  sinus  itself  may  be  coextensive  with 
the  anterior  adductor  muscle  in  one  valve 
only  (e.g.,  T.  trdatera  Gmelin  from  South 
Africa)  or  in  both  valves  (e.g.,  T.  punicca 
Bom  of  the  western  Atlantic).  It  may  be 
coalescent  with  the  palHal  sinus  for  a  short 
distance  ventrally  ( T.  crassa  Pennant  of  the 
eastern  Atlantic),  or  parallel  to  it  for  some 
time  before  becoming  confluent   (T.  cap- 


soides  Lamarck  of  the  Indo-Pacific),  or 
completely  coalescent  ( T.  madagascariensis 
Gmelin  of  west  Africa). 

The  cruciform  muscle  scars  exhibit  little 
variation  and  are  characteristic  of  all  the 
families  of  the  Tellinacea.  They  are  paired 
and  may  be  subtended  by  colored  rays  or 
some  differentiation  of  the  shell  ( T.  opalina 
Gmelin  of  the  Indian  Ocean  and  the  East 
Indies).  Usually  the  scars  are  rounded, 
but  the  right  anterior  one  sometimes  tends 
to  be  rectangular. 

REMARKS  ON  ZOOGEOGRAPHY 

The  salient  feature  of  the  distribution  of 
marine  plants  and  animals  in  South  Africa 
is  the  stead\-  increase  in  the  number  of 
species  from  the  west  to  the  east  coast. 
This  species  gradient  was  proposed  by 
Gilchrist  ( 1905 )  for  offshore  organisms  and 
carefully  documented  for  intertidal  plants 
and  animals  by  Stephenson  (1947).  Cor- 
related with  temperature,  the  gradient 
shows  an  increase  in  numbers  of  species  of 
organisms  from  the  cooler  waters  of  the 
southwestern  coast  to  the  tropically  in- 
fluenced waters  of  Natal.  Stephenson 
( 1944 )  illustrated  the  decline  in  species 
numbers  from  Durban  in  the  east  to  Port 
Nolloth  in  the  west.  Gilchrist  also  postu- 
lated that  the  number  of  indi\iduals  was 
greater  in  areas  with  a  reduced  number  of 
species.  Tlie  distribution  of  mollusks  in 
South  African  waters  was  also  discussed  by 
von  Martens  (1903),  Tomlin  (1922),  and 
Barnard  (1958). 

Three  rather  distinct  faunal  provinces 
were  established  for  intertidal  animals  by 
Stephenson,  and  such  faunal  divisions  are 
also  recognizable  for  offshore  organisms 
( see  Map  1 ) .  Exhibiting  a  degree  of 
overlap  and,  thereby,  imperfectly  circum- 
scribed, these  areas  include: 

1)  A  cold-water  fauna  along  the  west 
coast,  extending  from  the  Cape  of  Good 
Hope  north  to  southwest  Africa,  where  the 
tropical  West  African  zone  is  encountered 
near  Cape  Frio,  Angola.  This  element  has 
been  referred  to  as  the  Namaqua  fauna. 
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Map  1.  Southern  Africa,  showing  the  approximate  distribution  of  its  principal  coastal  faunas.  The  two  tropical  faunas  are 
shown  in  black — the  southern  part  of  the  tropical  west  African  fauna  on  the  left,  southwestern  termination  of  the  Indo- 
Pacific  fauna  on  the  right.  The  Cape'  fauna  in  the  strictest  sense,  a  warm-temperate  fauna  centering  about  the  south 
coast  of  the  Republic  of  South  Africa,  is  stippled.  The  cold-water  or  Namaqua  fauna  of  the  southern  part  of  the  west  coast 
is  shown   in  white   bounded  by  a  dotted   line.     Overlap   between   these   faunas    is    indicated    (after   Stephenson,    1947). 


2)  A  southern,  warm-temperate  fauna 
between  Port  Elizabeth  in  the  east  and 
Cape  Agulhas  in  the  south. 

3)  A  tropical  and  sul^tropical  element 
from  the  Natal  coast  southward  to  East 
London. 

Although  Stephenson's  results  and  inter- 
pretations are  based  on  an  intensive  study 
of  intertidal  organisms,  his  generalizations 
in  regard  to  the  three  faunal  elements 
apply  in  most  respects  to  subtidal  and  off- 
shore   organisms.     Species    of    Tellina    arc 


sublittoral  or  offshore  infaunal  animals  that 
live  in  sandy,  muddy,  or  gravelly  sub- 
strates in  predominantly  tropical  warm- 
temperate  waters.  Their  distribution  in 
South  Africa,  however,  is  similar  to  that  of 
Siphonaria,  an  intertidal  limpet-like  pul- 
monate  gastropod,  which  Allanson  (1958) 
has  recently  discussed. 

Table  1  gives  the  distribution  of  the 
species  of  South  African  Tellina,  and  Map 
2  shows  the  main  localities  along  the  South 
African  coast.    The  number  of  species  in- 
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Table  1.    The  distribution  of  Tellininae   along    the   coast  of  South   Africa. 
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creases  from  west  to  east;  this  increase  is 
related  to  the  coastal  water  temperatures. 
The  cold  waters  of  the  west  coast  are 
obviously  a  barrier  to  Tellina.  A  single 
species,  analogica,  is  strictly  western, 
whereas  the  other  two  that  occur  in  that 
area,   gilchristi  and   trilatero,  have   ranges 


that  overlap  the  southern  region  and,  in 
the  case  of  trilatera,  even  the  subtropical 
eastern  area.  Of  the  remaining  species  of 
South  African  Tellina,  two  have  ranges 
entirely  within  the  southern  province: 
alfredensis  and  canonlca;  three  occur  in 
the  south  but  overlap  into  the  subtropical 
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area  near  Durban:  ))onsonh{ii,  trihifcra.  and 
lidaJen.sis.  Eleven  species  are  eastern 
forms,  with  distributions  that  usually  range 
into  the  tropical  Indo-Pacific.  Species  such 
as  virp^ata,  staurcUa.  rasfcUum,  pcrna, 
opalina,  capsoides,  polafam,  and  semen  are 
extensiveh-  distributed  throughout  the  In- 
dian and  Pacific  Oceans. 

Species  apparently  endemic  to  South 
Africa  include:  ponsonbiji,  olfrcdensis. 
canonica,  onalogica,  frihtera,  gilchristi,  and 
cidolcnsis.  Of  these,  the  relatively  well- 
knowTi  and  more  conspicuous  species 
exhibit  interesting  relationships  to  species 
in  other  parts  of  the  world.  They  are  not 
closely  related  to  the  western  Atlantic- 
eastern  Pacific  species  or  to  those  com- 
plexes of  the  European  north  Atlantic  and 
Mediterranean  groups,  but  rather  to  those 
isolated  in  regions  of  South  Australia  and 
New  Zealand.  In  the  case  of  ponsonhij'u  its 
closest  ally  is  victoriae  of  South  Australia, 
while  trikttcra  is  related  to  'j.oimardi  of 
New  Zealand.  On  the  other  hand,  the 
gilchristi-analogica  complex  is  close  to  the 
West  African  rubicincfa.  The  relatives, 
possibly  once-removed,  of  alfrcdcnsls  and 
trilatera  are  the  West  xAfrican  madagas- 
cariensis  and  hyolinu,  respectively.  In  the 
absence  of  fossil  evidence,  it  is  impossible 
to  establish  the  ranges  of  the  precursors  of 
the  poivsonlyyi-vicforioc,  aJfredcnsis-aJbin- 
ella,  trilafera-gaimardi  lineages,  but  it 
appears  probable  that  these  species  once 
were  widely  distributed  in  the  Indo-Pacific 
area  and  have  been  displaced  and  isolated 
in  Africa,  Australia,  and  New  Zealand. 

SYSTEMATIC  SECTION 

FAMILY  TELLINIDAE 

Gills  small,  posterior,  not  plicate,  outer 
demibranch  dorsally  directed,  reflected 
lamina  obsolete  or  lacking;  labial  palps 
ver>'  large,  more  or  less  united  posteriorly. 
Byssal  apparatus  obsolete.  Foot  compressed, 
short,  and  not  grooved.  Mantle  margins 
papillose,  with  large  ventral  -pedal  gap. 
Siphons   long,   extensile,   separate   to   their 


bases,  and  capable  of  retraction  into  ex- 
tensive pallial  sinus.  Ligament  external, 
opisthodctic,  and  generally  subtended  by 
n\TOphal  callosities.  Hinge  with  two  cardi- 
nal teeth  in  each  valve;  lateral  dentition 
present  or  absent.  Cruciform  muscles  pos- 
terior. 

Subfamily  Tellininae 

Shell  narrowly  or  broadl\-  lanceolate  to 
ovate  in  shape,  posterior  side  generally 
shorter,  and  often  strongly  flexed  to  right 
posteriorly.  Valves  usually  of  unequal  con- 
vexity, left  larger  and  more  convex.  Hinge 
with  both  cardinal  and  lateral  teeth.  Sur- 
face sculptured  usualK'  concentrically,  gen- 
erally heavier  on  rostral  areas. 

Genus   Tellina   Linnaeus 

Tellina  Linnaeus  1758,  Syst.  Nat.,  ed.  10:  674 
( t>pe-species,  Tellina  radiata  Linnaeus  1758,  sub- 
sequent designation  Schmidt  1818:  51). 

Description.  Shell  small  to  large,  ellipti- 
cal to  ovate  in  shape,  left  valve  generally 
more  convex  than  right,  variously  flexed 
to  the  right  posteriorly.  Fragile  to  solid. 
Concentric  sculpture  predominant.  Hinge 
with  cardinal  and  lateral  dentition.  Cardinal 
teeth  two  in  each  val\e:  in  the  left  valve, 
the  anterior  cardinal  tooth  is  bifid  and  the 
posterior  cardinal  tooth  is  single  and  lami- 
nate; in  the  right  \alve,  the  anterior  cardinal 
tooth  is  single  and  laminate  and  the  pos- 
terior cardinal  tooth  is  bifid.  Lateral 
dentition  variously  developed,  but  lateral 
teeth  of  the  right  valve  strong.  Pallial  sinus 
variously  formed.  Shell  white  to  highly 
colored. 

Tlie  correct  type  designation  for  the 
genus  has  been  discussed  by  Boss  ( 1966b ) . 
Tellina  sensu  stricto  does  not  occur  in 
South  African  waters.  It  is  represented  in 
the  western  Atlantic  by  such  species  as  T. 
radiata  Linnaeus  and  T.  brasiliana  Speng- 
ler,  and  in  the  Indo-Pacific  by  T.  chariessa 
Salisbury  (=  eJegans  Gray). 

Subgenus   Tellinella   Morch 

Tellinella  Morch  1853,  Catalogus  Conchyliorum 
.  .  .  Comes  di  Yoldi,  2:   13   (type-species,  Tellina 
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Map  3.  The  distribution  of  Jellinella.  The  species  included  are:  in  the  Indo-Pacific,  virgato,  staurella,  crucigero,  rasfellum, 
pulcherrima,  asperrima,  and  verrucosa,-  in  the  western  Atlantic,  listen;  in  the  central  Atlantic  on  St.  Helena,  onfonii,-  in  the 
eastern  Pacific,  cumingii  and  zocoe,-  in  the  Mediterranean,  pulchella.  The  group  is  largely  of  tropical  distribution  and, 
in    the    Indo-Pacific,    replaces    Eurytellina    as    a    conspicuous  element  of  the  tellinid  fauna. 


virgata  Linnaeus  1758,  subsequent  designation 
Stoliczka   1870:    116^- 

TcUndla  M(3rch.  H.  and  A.  Adams  1856, 
Genera  Recent  MoUusca,  2:  394,  error  for 
TeUint'Ua  Mcirch. 

EutcUina  Fi.scher  1887,  Manuel  de  Conchylio- 
logie,  p.  1147  (type-species,  Tellina  vir^aia  Lin- 
naeus  1758,  monotypy). 

TcUinarius  'Froriep'  Salisbury  1934,  Proc.  Mai. 
Soc.  London,  21:  78  and  90  (type-species,  Tellina 
virfiata  Linnaeus  1758,  original  designation),  nnn 
Dumeril   1806. 

Description.  Shell  medium  to  large, 
ovate,  elongate,  or  elliptieal  in  outline,  solid 
to  sub.solid,  generally  equivalve  and  nearly 


^  The  type-.species  is  not  Tellina  antonii  Philippi 
as  indicated  by  Sali.sbury  (1934),  for  Morch  did 
not  cite  any  type-species  in  his  vise  of  the  name 
Tcllinclla;  the  first  known  designation  was  made 
bv  Stoliczka. 


equilateral,  more  or  less  flexed  to  right  pos- 
teriorly. Concentric  sculpture  developed, 
strong  and  often  squamose  posteriorly; 
radial  sculpture  rare.  Lateral  dentition 
developed  in  both  valves.  In  right  valve, 
both  lateral  teeth  distal  to  the  cardinal 
complex  and  strongly  developed.  In  left 
valve,  both  lateral  teeth  distal  to  the 
cardinal  complex  and  moderately  de- 
veloped. Ligament  generally  strong  with 
subtending  nymphal  callosities.  Pallial  sinus 
linguiform  and  removed  from  anterior 
adductor  muscle  scar;  confluence  of  pallial 
sinus  and  pallial  line  short  and  limited  to 
the  posterior  half  of  the  shell. 

Remarks.  TeUinella  consists  of  a  rather 
well-defined  group  of  species  that  are 
characterized  by  having  shells  that  are 
relatively  strongly  and  lirately  sculptured, 
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with  a  complement  of  right  lateral  teeth 
more  or  less  distalh'  removed  from  the 
cardinal  complex.  The  pallial  sinus  is  rather 
extensive,  extending  near  to  the  anterior 
adductor  muscle  scar  and  then  falling  in 
an  irregular  or  subsigmoid  arcuation  to  the 
pallial  line,  there  to  become  confluent  for 
about  one  half  the  length  of  the  line  pos- 
teriorly. Frequent!)'  an  interlinear  scar 
connects  the  pallial  sinus  and  the  anterior 
adductor  muscle  scar.  The  internal  surface 
of  the  valves  is  usually  rather  highly 
Dolished  and  shining;  nevertheless,  the 
muscle  scars  are  normally  well  impressed 
and  easy  to  discern.  Posteriorly,  a  complex 
of  ridges  and  sulci  are  developed  in  con- 
junction with  raised  or  stronger  concentric 
sculpture  and  a  more  or  less  distinct  flexure 
to  the  right. 

Tlie  Indo-Pacific  is  the  richest  area  in 
the  world  for  the  species  of  TclUncUa. 
Largely  tropical,  usualh'  conspicuous  be- 
cause of  their  brilliant  coloration  and 
considerable  size,  species  of  this  group 
ha\'e  been  frequently  collected,  are  well 
represented  in  collections,  and  are  often 
taken  in  series.  Of  relatively  shallow  water 
habitat  and  often  associated  with  the  sandy 
areas  around  reefs,  they  are  commonly 
encountered.  Two  more  or  less  distinct 
species-complexes  occur  in  the  Indo-Pacific. 
On  the  one  hand,  there  is  the  T.  virfi,afa 
complex,  characterized  by  more  or  less 
regular  concentric  sculpture;  on  the  other, 
the  T.  rastcUum  complex  has  the  concentric 
sculpture  raised,  and  broken  into  rasp-like 
structures.  Both  of  the  groups  are  widely 
distributed.  In  the  western  Atlantic,  the 
well-known  T.  listen  occurs  rather  abun- 
dantly from  North  Carolina  to  Bahia,  Brasil. 
The  isolated  population  on  St.  Helena  has 
been  referred  to  T.  antonii  (Smith,  1890). 
The  narrowly  elongate,  rather  highly 
colored  T.  ctiminp.ii  is  found  in  the  eastern 
Pacific.  In  the  Mediterranean,  the  bright 
red,  posteriori}'  pointed  T.  pulchcUa  has 
been  allocated  to  TcUincUa.  Map  3  shows 
the  distribution  of  TeUincUa. 

Early  fossil  records  of  the  group  are  from 


the  Cretaceous  of  India  (Stoliczka,  1870); 
later,  it  underwent  a  wide  radiation  in  the 
Eocene  of  Europe  and  North  America. 

Tellina  {Tellinella)  virgafa  Linnaeus 
Plate  2,  figure  1;  Plate  4,  figure  1. 

Tellina  virgata  Linnaeus  1758,  Syst.  Nat.,  ed. 
10:  674;  1767,  ed.  12:  1116  (type-locality,  in  O. 
Indico;  type  in  collection  of  the  Linnean  Society, 
London^ ) . 

Tellina  marginaJis  'Lightfoot'  Dillvv>n  1817, 
Des.   Cat.,  p.  74,  non  Lightfoot  1786.- 

Tellina  juhar  Hanley  1844,  Proc.  Zool.  Soc. 
London,  pt.  12,  no.  134:  60  (type-locality,  un- 
known; syntypes,  BMNH,  unnumbered;  labelled 
Swan  River  [Perth]  and  Montebello  Ids.,  Western 
Australia);  1846  [in]  Sowerby,  Thes.  Conch.,  vol. 
1,  Tellina,  p.  229,  pi.  63,  fig.  214;  Sowerlw  1867 
[in]  Reeve,  Conch.  Icon.,  vol.  17,  Tellina,  figs. 
48  and  48  b. 

Description.  Shell  extending  to  96  mm 
in  length  and  to  56  mm  in  height,  irregu- 
larly subtrigonal,  slightly  inequilateral, 
equivalved,  subsolid  to  solid,  somewhat 
inflated  with  left  valve  of  greater  convexity 
and  with  strong  flexure  to  right  posteriorly 
Umbo  slightly  behind  middle,  slightly  ele- 
vated, rather  inconspicuous  and  blunt. 
Anterior  margin  broadly  rounded;  ventral 
margin  slightly  convex,  rising  arcuately 
posteriorly;  anterior  dorsal  margin  straight 
to  gently  convex,  elongate,  and  gently 
descending;  posterior  dorsal  margin  elon- 
gate, more  steeply  descending  and  straight; 
posterior  margin  irregularly  biangulate, 
concave,  and  forming  irregular  oblique 
truncation  posteriorly.  Sculpture  consisting 
of  regularly  spaced,  rather  well-developed, 
concentric  lirations  (3-4  per  mm);  extremely 
fine  radial  threads  evident  umbonally; 
concentric  sculpture  not  smooth  along 
posterior  right  dorsal  slope  and  not  highly 


1  According  to  Hanley  (1855:  33),  the  specimen 
figured  by  liim  in  the  Thesaurus  Conch>liorum 
(1846),  vol.  1,  Tellina,  pi.  63,  fig.  204,  is  the  t>pe; 
this  is  construed  to  be  a  lectot>pe. 

-  Lightfoot's  marginalis  is  based  on  a  figure  in 
Lister  (1770:  pi.  387)  without  reference  to  type- 
locality;  it  is  a  synon>'m  of  the  common  West  At- 
lantic T.  laevigata  Linnaeus  1758.  The  Portland 
Catalogue  and  its  valid  names  have  been  reviewed 
recently  by  Rehder   (1967). 
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Plate  2.  Fig.  1.  Tellina  {Tellinella]  virgata  Linnaeus:  external  view  of  the  right  valve,  Durban,  NM  (length  =  57.2  mm). 
Fig.  2.  Tellina  [Tellinella)  itaurella  Lamarck:  External  view  of  the  right  valve,  Apia,  Upolu,  Samoa,  MCZ  235107  (length 
zz  44  mm). 
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differentiated  in  right  valve.  Well-de- 
veloped posterior  ridge  in  riglit  valve  and 
concomitant  sulcus  in  left  vahe. 

Ligament  generalh-  yellowish  brown, 
strong,  protuberant,  and  elongate,  set  in 
weakly  developed  escutcheon;  lunule  con- 
sisting of  poorly  developed,  depressed, 
semilanceolate  area  in  right  valve  only; 
calcareous  portion  of  ligament  subtended 
by  moderate  to  well-developed  nymphal 
callosities.  Hinge  line  well  developed.  In 
left  valve,  cardinal  complex  consisting  of 
anterior,  strong,  subdeltoid,  bifid  tooth  with 
subcqual  lobes,  and  of  posterior,  elongate, 
shelflike,  thin,  laminate  tooth  adpressed  to 
base  of  calcareous  portion  of  ligament; 
anterior  lateral  tooth  distal  to  cardinal 
complex  and  consisting  of  thickened,  some- 
what pointed  denticle  of  hinge  margin; 
posterior  lateral  tooth  obsolete,  distal  to 
cardinal  complex;  cardinal  hinge  plate 
extensive,  particularly  anteriorly.  In  right 
valve,  cardinal  complex  consisting  of  pos- 
terior, slightly  skewed,  well-developed, 
bifid  cardinal  tooth  with  subequal  lobes, 
and  of  anterior  slightly  thickened,  laminate, 
cardinal  tooth;  anterior  lateral  tooth  strong, 
shelflike,  socketed  above,  and  upcurled; 
posterior  lateral  tooth,  strong,  socketed 
above,  pointed,  slightly  upcurled,  and  distal 
to  cardinal  complex;  anterior  lateral  tooth 
closer  to  cardinal  complex.  No  true  rib 
present. 

Muscle  scars  moderately  well  impressed; 
anterior  adductor  muscle  scar  irregularly 
semilunate;  posterior  adductor  muscle  scar 
subovate;  ventral  extension  of  posterior 
adductor  muscle  scar  irregular.  Pallial 
sinus  subequal  in  opposite  valves,  arising 
at  junction  of  ventral  and  lateral  boundaries 
of  posterior  adductor  muscle  scar,  rising 
subarcuately  above,  rounded  anteriorly, 
and  falling  in  convex  arcuation  to  the 
pallial  line;  confluence  posterior  and  ir- 
regular; pallial  line  with  accessory  pallial 
attachments  paralleling  it  dorsally;  pallial 
sinus  connected  to  anterior  adductor  muscle 
scar  by  short,  irregular  interlinear  scar. 
Cruciform    muscle    scars    moderately    de- 


veloped, rounded,  close  to  terminus  of 
pallial  line,  left  anteriormost  subrectangu- 
lar.  Color  basically  white  with  suffusions 
of  red,  pink,  orange,  or  yellow;  externally 
with  ra\s  of  white,  or  broken  rays  of  red 
or  pink  iuid  infrequently  bands  of  red  or 
pink;  internally  bands  or  rays  showing 
through  shells  in  immature  individuals.  In 
adults,  interior  highly  polished;  with  central 
suffusions  of  yellow  and  white  peripherally. 
Umbos  generally  red  or  pinkish. 

Length   Height  Width 


95.7  53.1  22.7 

75.2  45.4  19.3 

51.6  34.3  15.3 

39.9  23.3  10.4 

27.1  16.0  06.5 

21.5  13.5  05.0 


Tulear,  Madagascar 

Calatagan,  Batangas,  Luzon, 
Philippine  Ids. 

Lugger  Co\e,  Western  Aus- 
tralia 

.\piang,  Gilbert  Ids. 

HayTiian  Id.,  Queensland, 
Australia 

Hayman  Id.,  Queensland, 
Australia 


Remarks.  Probably  the  most  cogent  com- 
ments concerning  T.  virfiata  were  presented 
by  Rumph  (1705),  who  not  only  estab- 
lished the  meaningful  and  descriptive  name 
of  this  species,  but  noted  certain  localities 
in  the  East  Indies  (e.g.,  Amboina  and 
Ceram),  the  kinds  of  substrates  it  preferred, 
and  the  noticeable  variations  in  shape  and 
color  it  exhibited.  His  original  illustration 
is  here  selected  as  type-figure.  Although 
Linnaeus  (1758)  also  cited  a  reference  to 
Argenville,  we  are  assured  by  Romer 
( 1871 )  that  in  the  manuscript  for  the  13th 
edition  of  the  Systema,  Linnaeus  had  de- 
leted the  reference  to  the  illustrious  French- 
man. In  the  published  13th  edition,  Gmelin 
(1791)  managed  to  retain  Argenville  and 
expanded  virgata  to  include  the  western 
Atlantic  T.  lisieri  Roding;  he  also  cited 
Chemnitz  (1782,  pi.  8,  figs.  66-72),  w^ho 
presented  virgata  in  its  range  of  variation, 
as  well  as  T.  statircUa.  Like  Rumph,  he 
also  discussed  the  morphological  variation. 
Shapes  and  color  patterns  were  also  recog- 
nized by  Spengler  (1798). 

Since  T.  virgata  is  one  of  the  most  com- 
mon tellens  in  the  Indo-Pacific,  it  has  been 
recorded  in  the  literature  numerous  times. 
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Prashad  (1932)  had  the  stamina  to  ferret 
out  its  mention  in  checklists,  dictionaries, 
encyclopedias,  and  other  useful  compila- 
tions, so  he  included,  for  the  two  specimens 
collected  by  the  SIBOGA,  over  seventy 
bibliographic  citations.  More  importantly, 
however,  he  came  to  the  conclusion  — 
safely  based  on  the  suggestion  of  Oostingh 
( 1925)  —  that  juhar  Hanley  and  mar  spinalis 
Dillw)!!  [=  'Lightfoot'  DillwvTi,  non  Light- 
foot]  were  based  on  only  slight  variations 
of  T.  virgata.  A  similar  although  somewhat 
earlier  and  independent  conclusion  had 
been  reached  by  Romer  ( 1871 ) . 

T.  virgata  is  typically  rounded  anteriorly, 
with  a  pointed  biangulate  posterior  margin. 
In  color  it  is  usually  dull  white,  with  var- 
iously disposed,  red  radiations  that  broaden 
from  the  umbonal  region  to  the  peripheral 
margins.  The  umbo  is  usually  red  or  pink. 
Young  stages  of  the  shell  are  rounded  in 
outline,  with  rather  widely  spaced,  slightly 
raised  concentric  lirations  and  fine  radial 
lines  in  the  interstices,  so  that  the  sculp- 
tural pattern  is  cancellate.  From  the  closely 
related  T.  sfaurella,  virgata  may  be  dis- 
tinguished by  the  row  of  accessory  pallial 
attachment  muscle  scars  that  parallel  the 
pallial  line  on  the  internal  surface  of  the 
valve.  The  pallial  sinus  is  often  not  dis- 
tinctly confluent.  The  ventral  extension  of 
the  posterior  adductor  muscle  scar  is  ir- 
regular and  usually  not  broadly  coextensive. 
The  pallial  sinus  connects  with  the  pos- 
terior adductor  muscle  scar  at  the  junction 
of  the  ventral  and  lateral  portions  of  the 
scar  and  usually  not  on  the  medial  lateral 
surface.  There  are  further,  though  some- 
what more  ephemeral,  distinctions:  the 
shell  of  virgata  is  thinner  and  less  heavy, 
the  concentric  sculpture  on  the  anterior 
slope  is  stronger,  sharper,  and  more  closely 
spaced,  the  cardinal  and  hinge  plates  are 
thicker  and  dorso-ventrally  larger,  and  the 
maximum  total  size  of  virgata  is  larger  than 
that  of  T.  staurella. 

Range.  Tellina  virgata,  a  relatively  com- 
mon shallow  water  species  that  prefers 
sandy  substrates,  occurs  from  Natal,  South 


Africa,  throughout  the  Indian  Ocean,  In- 
donesia, the  Philippine  Islands,  Melanesia, 
to  Tahiti  in  the  Society  Islands.  It  has 
been  taken  south  to  Shark's  Bay  in  western 
Australia  and  as  far  north  as  Okinawa  in 
the  Ryu  Kyu  Islands. 

Specimens  examined.  REPUBLIC  OF 
SOUTH  AFRICA:  Natal  (USNM).  MO- 
ZAMBIQUE: Mozambique  Citv;  Porto 
Amelia  (both  USNM).  TANZANIA:  Mboa 
Maji,  9  mi.  S  of  Dar-es-Salaam  (USNM); 
Zanzibar  (BMNH);  1  mi.  N  of  Paje,  1  mi. 
SW  of  Nguruwe  Id.,  Pwani  Mehangani. 
and  Mazizini,  Zanzibar  (all  ANSP).  RED 
SEA:  (MCZ).  MADAGASCAR:  Tulear 
(MCZ);  between  Ambatoloaka  and  Madi- 
rokely,  SW  of  Nossi  Be  and  Befotake,  NW 
of  Nossi  Be  (both  ANSP).  SEYCHELLES 
IDS.:  Anse  Parnel,  Mahe  (BMNH).  MAU- 
RITIUS: S  side  of  Tombeau  Bay,  1  mi. 
NE  of  Le  Mome,  and  Flic  en  Flacq  (all 
ANSP).  MALDIVE  IDS.:  Miladummadulu 
Atoll,  S  half  of  Kendikolu  Ids.  (5"57'N; 
73^-24'E)  (ANSP).  CEYLON:  (MCZ). 
ANDAMAN  IDS.:  Port  Blair  (DM;  MCZ). 
MALAYSIA:  Singapore  (ANSP);  Palau 
Hautu,  SW  Keppel  Harbor  (USNM). 
THAILAND:  Koh  Samui  (USNM).  IN- 
DONESIA: Java  (MCZ);  Denpasar,  Bali 
(USNM);  Koeta  Beach,  Bah  (MCZ); 
Semporna  Reef,  Sibuan  Id.,  and  Mandi- 
barrah  Id.,  N.  Borneo  (all  ANSP;  USNM); 
Misool  Id.;  Amboina;  Tengah  Id.,  off  Burn; 
Banda  Nera;  Jamna  Id.,  New  Guinea  (all 
MCZ);  E  side  of  Rouw  Id.,  Aoeri  Ids., 
Geelvink  Bay,  New  Guinea  (ANSP). 
CHINA:  Kanna  (MCZ);  Plover  Cove, 
near  Hong  Kong  (ANSP).  JAPAN:  Abu, 
Ishikawa  Beach,  Ora  Wan,  Roman  Shioya, 
all  Okinawa,  Rvu  Kvu  Ids.  (all  USNM). 
PHILIPPINE  IDS.:  E  coast  of  Polillo; 
Manila,  Luzon;  Subic  Bay,  Zambales,  Lu- 
zon; Calatagan,  Batangas,  Luzon  (all 
USNM);  E  side  of  Sisiman  Bay,  Bataan; 
SW  side  of  Talin  Bay,  Luzon;  Badang,  near 
Gubat,  Luzon  (all  ANSP);  Gigmoto,  Catan- 
duanes  (ANSP);  Tilic  Bay,  Lubang;  Gala- 
pan,  Mindoro;  Catbalogan,  Samar;  (all 
MCZ);  Cebu  City,  Cebu;  E  side  of  Jago- 
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lias  Id.,  NW  end  of  Bohol;  Zamboanga, 
Mindanao  (all  ANSP);  Malcochin  Harbor, 
Linapacan  Id.,  N  of  Palawan;  Palawan 
(both  MCZ);  Makesi  Id.,  off  Palawan;  Port 
Ciego,  Balabac;  Tawi  Tawi  Group  (all 
USNM);  Bongao  Channel,  SW  end  of 
Sanga  Sanga  Id.  (ANSP).  AUSTRALIA: 
Lugger  Cove,  Shark's  Bav,  and  Augustus 
Id.,  Western  Australia  (both  MCZ);  Port 
Essington,  Coburg  Peninsula,  Northern 
Territory;  Bickerton  Id.,  and  NE  end  of 
Groote  Eylandt,  Gulf  of  Carpentaria  (all 
USNM);  'Cooktown.  Queensland  (MCZ); 
Palm  Id.,  Challenger  Bav  (ANSP);  Dunk 
Id.  (ANSP;  BMNH);' Brampton  Reef 
and  Port  Denison,  off  Bowen  Id.  (both 
USNM);  Stone  Id.  (ANSP);  Gloucester 
Id.,  Whitsunday  Group  (USNM);  Hay- 
man  Id.,  Cumberland  Group,  Whitsunda^• 
Passage  (MCZ);  near  Gladstone  (USNM). 
PALAU  IDS.:  Schonian  Harbor,  Peleliu 
Id.  (ANSP).  MARIANA  IDS.:  Tanapag 
Harbor,  Saipan  (ANSP;  USNM);  Apaca 
Point,  Agat  Bay,  Guam  (ANSP).  MAR- 
SHALL IDS.:  Pokaakku  Atoll  (USNM). 
GILBERT  IDS.:  Apiang,  Kingsmill  Group 
(MCZ;  USNM).  LOYALTY  IDS.:  Lifu 
(USNM).  NEW  CALEDONIA:  Paagou- 
mene;  Plage  de  Poe;  Pt.  Akaia,  Bourail; 
Tonghouen;  Anse  Vata  Bav,  Noumea  (all 
ANSP).  FIJI  IDS.:  Suva,  fiti  Levu  (MCZ; 
USNM);  Bega  Id.  (MCZ);  Komo,  Lau 
Group  (USNM).  SAMOA  IDS.:  Pago 
Pago  Harbor,  Tutuila  (MCZ;  USNM); 
Toloa  Point,  Upolu  Id.  (ANSP).  TONGA 
IDS.:  Vavau  (BMNH);  Haapai  (USNM). 
COOK  IDS.:  W  side  of  Akitua,  NE  Aitutaki 
(ANSP).  SOCIETY  IDS.:  Tereia  Point, 
Bora  Bora  (ANSP);  Tahiti  (USNM). 

Tellina  {Tellinella)  siaurella  Lamarck 

Plate  2,  figure  2;  Plate  3,  figures   1,  2; 
Plate  4,  figure  2. 

Tellina  cruciata  Spengler  1798,  Skrivter  af 
naturhistorie  Selskabet,  K0benhavn,  4  (2):  83 
(type-locality,  Fia  Niquebar;  types,  ?  Zoological 
Museum,  Copenhagen),  nomen  duhiiiin. 

Tellina  statirella  Lamarck  1818,  Anim.  sans 
Vert.,  5:  522  (type-locality,  .  .  .  Nouvelle  Hol- 
land; syntypes,  MNHNP,  teste  Bertin  1878:  236); 
Delessert  1841,  Rec.  Coq.,  pi.  6.  fig.  2. 


Tellina  scalaris  Lamarck  1818,  Anim.  sans 
\'ert.,  5:  527  (type-locality,  unknown;  holot\pe, 
MXHNP,  teste  Bertin  1878:   236). 

Tellina  incerta  Deshayes  1854,  Proc.  Zool.  Soc. 
London  [1855]  pt.  22,  no.  282:  367  (type-lo- 
cality, Philippines  [Islands]:  syntypes,  BMNH, 
unnumbered);  Sowerby  1867  [in]  Reeve,  Conch. 
Icon.,  vol.  17,  Tellina,  pi.  38,  fig.  217. 

Tellina  petalina  Deshayes  1854,  Proc.  Zool.  Soc. 
London  [18.55]  pt.  22,  no.  282,  p.  367  (t>'pe- 
locality,  unknown;  holot>pe,  BMNH,  unnum- 
liered ) . 

Tellina  rufa  Deshayes  1854,  Proc.  Zool.  Soc. 
London  [1855]  pt.  22,  no.  282:  .367  ( type-lo- 
cahty,  unknown;  holotype,  BMXH,  imnumbered); 
Sowerby  1869  [in]  Reeve,  Conch.  Icon.,  vol.  17 
Tellina.  pi.  57,  fig.  337. 

Tellina  pctallina  Desha>es.  Sowerby  1S68  [in] 
Reeve,  Conch.  Icon.,  vol.  17,  Tellina.  pi.  49,  fig. 
292,  error  for  petalina  Deshayes   1855. 

Tellina  (Tellinella)  stauiella  apicifusca  (Jous- 
seaume  MS)  Lamy  1918,  Bull.  Mus.  Xatl.  Hist. 
Xat.  Paris,  24:  27  (type-locality,  Massaouah, 
Djibouti:  t>pes,  ?  MXHXP;  refers  to  Chemnitz 
1782,  6:   86,  pi.  8,  fig.  70). 

Tellina  acropisthiis  Barnard  1964,  Ann.  Xatal 
Mus.,  16:  26,  fig.  5b  (type-locality,  off  Cape  Xatal 
(Durban);   syntypes,   SAM   9547). 

Description.  Shell  extending  to  65  mm 
in  length  and  to  37  mm  in  height,  sub- 
elliptical,  pointed  behind,  rather  equilateral 
and  equivalved,  rather  solid  and  slightly 
inflated,  \\-ith  left  valve  slightly  more  con- 
vex than  right,  and  with  moderate  flexure 
to  right  posteriorh-.  Umbo  central  or 
slightly  behind  middle,  relativeh'  incon- 
spicuous, small,  pointed,  and  slightly  ele- 
vated. Anterior  margin  rather  narrowb- 
and smoothly  rounded;  ventral  margin 
gently  convex  and  rising  in  slight  arcu- 
ation  posteriorly;  anterior  dorsal  margin 
straight  to  slightly  convex,  rather  long,  and 
gently  descending;  posterior  dorsal  margin 
slightly  concave,  more  steeply  descending, 
and  shorter;  posterior  margin  irregularly 
biangulate,  forming  irregular  oblique  trun- 
cation. Sculpture  consisting  of  finely  incised, 
slightly  raised  lirations  (2-3  per  mm); 
radial  vermiculations  sometimes  evident; 
concentric    sculpture    often    subscissulate^ 


^  The  terms  scissulate,  scissulation,  etc.,  have 
been  defined  by  Boss  and  Kenk  ( 1964 )  and  Boss 
(1966a). 


96        Bulletin  Museum  of  Comparative  Zoology,  Vol.  138,  No.  4 


Plate  3.  Figs.  1  and  2.  Telllna  [Tellinella]  acropisthus  Barnard  [=  T.  staurello  Lamarck],  the  holotype  off  Cope  Natal 
Durban,  SAM  A9547  (length  =  14.6  mm):  F,g.  1,  external  view  of  the  right  valve;  Fig.  2,  infernal  view' of  the  right  valve' 
F,gs.  3  and  4.  Tellma  {Telhnella)  rastellum  Hanley,  Durban,  NM  (length  =  42.5  mm):  F,g.  3,  external  view  of  the  right 
valve;  Fig.  4,  internal  view  of  the  right  valve. 


along  posterior  dorsal  slope  of  left  valve 
and  often  lost  or  obsolete  in  that  area, 
forming  indistinct  or  strongly  developed, 
radial,  smooth  band  from  umlDO  to  ventral 
margin  at  junction  of  posterior  and  ventral 
margins.  Posterior  ridge  biangulate  and 
rather  well  developed  in  right  valve;  con- 
comitant sulcus  in  left  valve. 

Ligament  yellow  to  dark  brown,  rather 
strong,    slightly   protuberant,    broad,    elon- 
gate,   and    set    in    a    weakly    developed, 
elongate,  sublanceolate  escutcheon;  lunule 
obsolete,    developed    somewhat    in    right 
valve,  elongate  and  lanceolate;  calcareous 
portion  of  ligament  set  on  short,   slighth 
raised  nymphal  callosities.    Hinge  line  well 
developed.    In  left  valve,  cardinal  complex 
consisting    of    anterior,    subdeltoid,    bifid 
tooth  with  irregular  lobes,  and  of  posterior, 
thin,    short,    laminate    cardinal    tooth    ad- 
pressed  to  base  of  calcareous   element  of 
ligament;    anterior   lateral    tooth    distal    to 
cardinal   complex,   poorly  developed,   con- 
sisting of  blunt  thickening  of  hinge  hne; 
posterior  lateral  tooth  obsolete,  distal,  and 
consisting    of    weak    thickening    of    hinge 


line;    cardinal    plate    rather    narrow,    with 
irregular  proximal  thickening  infrequentlv 
occurring  in  hinge  line  anterior  to  cardinal 
complex.    In  right  vahe,  cardinal  complex 
consisting   of   posterior   subdeltoid,    poste- 
riorly   skewed,    bifid    cardinal    tooth   with 
subequal  lobes,  and  of  anterior  thickened 
to  subdeltoid  laminate  cardinal  tooth;  an- 
terior   lateral    tooth    strong,    shelflike,    up- 
curled,     and     socketed     above;     posterior 
lateral  tooth  slightly  less  well  developed, 
socketed    above,    upcurled    and    shelflike; 
anterior    lateral    tooth    closer    to    cardinal 
complex;  posterior  lateral  tooth  distal.    No 
true  rib  developed. 

Muscle  scars  moderateh-  w  ell  developed, 
impressed  and  conspicuous;  anterior  muscle 
scar  broadly  and  irregularly  sublunate; 
posterior  scar  subquadrate  to  subovate; 
posterior  extension  of  posterior  adductor 
muscle  scar  broadl\-  coextensive  with  ad- 
ductor scar.  Pallial  sinus  subequal  in  oppo- 
site vaKes,  arising  from  lateral  surface  of 
posterior  adductor  muscle  scar,  coursing 
straight  anteriorly  in  gentle  arcuation, 
rounded  anteriorly,  and  falling  in  a  semi- 
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sigmoid  arcuation  to  the  pallial  line;  con- 
fluence about  one  half  length  of  pallial 
line;  no  accessor)-  pallial  muscle  scars 
paralleling  pallial  line.  Cruciform  muscle 
scars  moderately  developed,  rounded,  with 
anteriomiost  scar  in  left  valve  subquad- 
rate.  Color  basicalh-  white,  externally  with 
bands  of  purple  and  white  rays  or  red 
suffusions;  infrequently,  shell  entirely  suf- 
fused with  purple  or  yellow;  internal 
suffusions  of  yellow  common.  Umbo  white 
or  often  red  and  infrequently  streaked 
with  brilliant  red. 


Length  Height  Width 

mm  mm  mm 

64.2  37.0  17.4 

38.6  25.2  12.6 

36.4  23.4  11.5 

26.7  15.8  07.1 

21.6  12.3  05.7 

10.7  06.6  03.1 


Zanzibar,  Tanzania 

Bay  of  Batavia,  Java,  Indo- 
nesia 

Ibajay,  Panay,  Philippine 
Ids. 

Calapan,  Mindoro,  Philip- 
pine Ids. 

Calapan,  Mindoro,  Philip- 
pine Ids. 

Guiuan,  Samar,  Philippine 
Ids. 


Remorks.  Due  to  its  remarkable  range 
of  variation,  T.  staurella  may  be  easily  con- 
fused with  the  closely  related  tellinelloid 
species  of  the  Indo-Pacific,  T.  virg.ata  and 
r.  crucigera.  The  most  variable  character- 
istic appears  to  be  shell  color.  Most  speci- 
mens are  in  the  >ellow-white  spectrum, 
with  suffusions  of  yellow  concentrated 
centrally  and  umbonally;  the  internal  sur- 
faces of  the  \alves  are  normalh'  polished 
and  shining,  and  the  periphery  is  whitish. 
However,  a  number  of  names  have  been 
established  on  the  deep  purple  variants, 
those  with  brilliant  red  streaks  on  the  umbo, 
and  others  with  variously  developed  red 
or  pink  radiations.  Not  infrequently,  pure 
white  individuals  occur. 

The  concentric  sculpture  of  T.  staurella 
is  well  developed.  It  is  usually  strength- 
ened posteriorly,  whereas  on  the  anterior 
slope  of  the  disc  it  tends  to  be  moderately 
sulcate.  Along  an  axis  from  the  umbo  to 
the  junction  of  the  posterior  and  ventral 
margins  on  the  posterior  slope  of  the  right 
valve,  the  rather  widely  spaced  concentric 


lirations  may  suddenly  fade  out,  forming  a 
radial  band  of  various  widths,  which  is 
smooth  and  devoid  of  any  noticeable 
sculpture.  The  concentric  sculpture  on  the 
disc  may  end  abruptly  or  simply  become 
much  weaker;  it  also  may  tend  to  be 
slightly  acentric  or  subscissulate.  However, 
not  all  indi\iduals  in  a  population  have 
the  smooth  posterior  radial  band.  Speci- 
mens with  the  band  and  those  without 
were  often  considered  as  separate  species, 
and  the  absence  of  any  smooth  area  on  the 
right  posterior  slope  in  the  shell  of  T. 
virgata  was  used  to  distinguish  that  species. 
Since  both  extremes  and  all  intermediates 
occur  in  T.  staurella,  such  a  trait  is  un- 
satisfactory as  a  diagnostic  characteristic. 

r,  staurella  differs  from  T.  virgata  in  a 
number  of  general  aspects.  Berlin  (1878) 
detailed  some  of  these  differences,  but  they 
are  rather  difficult  if  not  impossible  to 
quantify  and  are  frequently  not  stable.  In 
general  appearance,  T.  staurella  is  more 
elongate,  more  narrowly  rounded  anteriorly, 
and  less  pointed  or  biangulate  posteriorly. 
The  species  has  a  weaker,  less  thickened 
hinge  line,  is  more  heavily  shelled,  and  is 
less  densely  sculptured  —  in  adults  —  than 
is  T.  virgata.  In  addition  to  these  less  than 
ideal  differentiating  characteristics,  T. 
staurella  has  a  simple  pallial  line  without 
accessory  pallial  attachments,  and  the  ven- 
tral extension  of  the  posterior  adductor 
muscle  scar  is  strongly  impressed  and 
broadly  connected  with  the  muscle  scar. 
The  pallial  sinus  tends  to  connect  with  the 
posterior  muscle  scar  on  the  lateral  surface 
of  that  scar.  Further,  as  explained  in  the 
Remarks  under  T.  virgata,  the  young  of  T. 
staurella  are  not  distinctly  cancellate  and 
have  closely  set  concentric  lirations. 

Range.  Tellina  staurella  is  a  common 
species  found  in  relatively  shallow  water, 
usually  in  rather  coarse  substrates  from 
Durban,  South  Africa,  throughout  the 
Indian  Ocean,  Indonesia,  the  Philippine 
Islands,  Melanesia,  to  the  Tonga  Islands  in 
Polynesia. 

Specimens    examined.    REPUBLIC    OF 
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Plate  4.  Diagrammahc  illustrations  of  the  internal  surface  of  the  valves,  showing  the  dental  configuration  and  muscle 
scars.  Fig.  1.  Tellma  [Telhnella]  virgata  Linnaeus:  right  valve,  Hayman  Island,  Whitsunday  Passage  Queensland  Aus 
tralia,  MCZ  257176  (length  =21  mm).  Note  the  distinct  accessory  pall.al  attachment  muscle  scars.  Fig.  2.  Tellina  {Teliinella) 
sfoure//o  Lamarck:  right  valve,  Calapan,  Mindoro,  Philippine  Islands,  MCZ  257177  (length  =  21 .6  mm).  Figs  3  and  4 
Telllna  [Telllnides]  opallna  Gmelin,  Delagoa  Bay,  Mozambique,  SAM  A6181  (length  =  29  mm):  Fig.  3,  right  valve-  Fia  4 
left  valve.  '      a  -      9-     / 


SOUTH  AFRICA:  Durban  (DM;  NM; 
SAM;  USNM).  MOZAMBIQUE:  Santa 
Carolina  Id.,  Bazaruto  Bav  (MCZ);  Lumbo 
(BMNH;  MCZ);  Porto  Amelia  (USNM). 
TANZANIA:  Mboa  Maji,  9  mi.  S  of  Dar- 
es-Salaam (USNM);  Bweleo  and  Bweju. 
Zanzibar  (both  USNM);  Mazizini,  Zanzi- 
bar (ANSP).  KENYA:  Diana  Beach,  20 
mi.  S  of  Mombasa  (USNM).  SOMALIA: 
Isla  di  Serpenti,  Chisimaio  (ANSP).  RED 
SEA:  (MCZ).  SAUDI  ARABIA:  Jidda 
Harbor  (USNM).  ADEN  PROTECTOR- 
ATE: Aden  (BMNH).  MADAGASCAR: 
Nossi  Be  (MCZ);  W  of  Pointe  Mahat- 
sinjo,  S  of  Nossi  Be;  Nossi  Kisimani,  12 
mi.  SSW  of  Nossi  Be;  N  end  of  Nosy 
Kalakajoro,  lies  Radama,  52  mi.  SSW  of 
Nossi  Be;  3  mi.  NNE  of  Nossi  Fali  (all 
ANSP).     SEYCHELLES    IDS.:    Mahe    in 


4-11  fms.    (BMNH).  MAURITIUS:    Neai 
Port   Louis    (BMNH;    MCZ).     CEYLON 
(ANSP;  MCZ;  USNM).  ANDAMAN  IDS. 
Port    Blair     (BMNH).    NICOBAR    IDS 
(ANSP).  MALAYSIA:  Singapore  (BMNH 
MCZ;  USNM).  THAILAND:  3  mi.  NE  of 
lighthouse,    Laam    Phan   Wa,    and    airport 
beach,  Phuket  Id.    (all  ANSP);  Goh  Sin- 
darar    Nui     [=     Chance     Id.]     (USNM). 
INDONESIA:  Pulau  Melila  and  Pulau  Bai, 
Batu  Group,  off  Sumatra    (both   USNM); 
Bay  of  Batavia,   Java    (MCZ);   Sandakan, 
Sabang,    Jesselton,    Sempoma    Reef,    and 
Mandibarrah  Id.,  all  N.  Borneo  (all  ANSP; 
USNM);   Bali;   Wawoni   Id.,   off  Celebes; 
Misool;  Karakelong  Id.,  Talauer  Ids.;  Buru; 
Tengah  Id.,  off  Burn;  Amboina;  Laratoeka 
Straits,  Flores  Ids.  (all  MCZ);  near  Gamo- 
dodo,  Milne  Bay,  New  Guinea   (USNM); 
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2  mi.  W  Korido  Village,  Soepiori  Id., 
Schouten  Ids.;  Ambai,  Japen  Id.;  S  side 
of  Roinv  Id.,  Aoeri  Ids.,  Geelvink  Bay, 
New  Guinea  (all  ANSP).  JAPAN:  Sagami 
Ba>-,  Honshu  (ANSP);  southern  Kyushu 
(ANSP);  Gima,  Kumejima  Id.,  Okinawa 
(ANSP);  Abu,  Kanna,  Nago,  and  Shuri, 
all  Okinawa,  Rvu  Kvu  Ids.  (all  USNM). 
PHILIPPINE  IDS.:  Sabtan  Id.,  Batanes 
Group  (USNM);  Camiguin  Id.  (USNM); 
Masinloc  Bay,  Zambales,  Luzon  (USNM); 
Baga  Bay  and  Sisiman  Bav,  Mariveles, 
Bataan,  Luzon  (ANSP;  USNM;  MCZ); 
in  11  fms.,  off  Corrcgidor;  4  mi.  SW  of 
San  Nicholas  Shoals  Light,  Manila  Bay, 
Luzon;  SW  side  of  Talin  Bay  and  Calata- 
gan,  Batangas,  Luzon;  Badang,  near  Gubat, 
Sorsogon,  Luzon  (all  ANSP);  Cabila 
Point,  Cueva,  and  the  Tilic  Bay  ( all  Lu- 
bang)  (USNM;  MCZ);  Gigmoto,  Catan- 
duanes  (ANSP);  Calapan,  Mindoro  (MCZ; 
USNM);  Santa  Crux  Harbor,  Marinduque; 
San  Pascual,  Burias;  Busuanga  ( all 
USNM);  Gyo,  Palawan  (ANSP);  Ara- 
celi,  Dumaran  Id.,  off  Palawan  (MCZ); 
Cagayancillo,  Cagayanos  Ids.  (USNM); 
Calbayog,  Samar  Id.;  Guiuan,  Samar  Id.; 
Ibajay,  Panay  (all  MCZ);  Cebu;  Mantacas 
Id.,  off  Bohol  (both  USNM);  Mambajao, 
Camiguin  Id.,  N  of  Mindanao  (ANSP); 
Davao,  Mindanao  (MCZ);  Tawi  Tawi 
Group  (USNM);  Bongao  Channel,  Sanga 
Sanga  Id.  (ANSP).  AUSTRALIA:  Augus- 
tus Id.,  NW  Australia  (MCZ);  Torres 
Straits;  Trinity  Bay  (both  BMNH); 
Michaelmas  Cay,  Green  Id.,  near  Cairns 
(MCZ);  Brampton  Reef,  off  Bowen  Id. 
(USNM);  Ha>man  Id.  and  Langford  Reef, 
Whitsunday  Group  (MCZ).  PALAU  IDS.: 
W  end  of  Gorokoru;  Malakal  Harbor, 
Koror;  SE  corner  of  Eil  Malk  (all  ANSP). 
MARIANA  IDS.:  Piti  Bay  and  Agana  Bay, 
Guam  (MCZ;  USNM).  CAROLINE  IDS.: 
Tomil  Harbor,  Yap  (USNM).  MARSHALL 
IDS.:  off  SW  end  of  Bikini  (USNM). 
GILBERT  IDS.:  Apiang,  Kingsmill  Group 
(MCZ).  BISMARCK  ARCHIPELAGO: 
Kaniet,  Admiralty  Ids.  (ANSP).  SOLO- 
MON  IDS.:    Buin,   Bougainville    (ANSP); 


Roviana  Lagoon,  New  Georgia  (MCZ); 
Ata'a,  Malaita  (ANSP).  NEW  CALE- 
DONIA: Koe  Reef,  2  mi.  SSE  of  Touho; 
He  Ain,  .3  mi.  ENE  of  Touho ;  SE  side  of 
Touho  Bay;  Bourail;  off  Gatope  Id.;  Port 
Ngea,  Magenta,  Baie  des  Canards,  Anse 
Vata  Bay;  Ricaudv  Reef,  near  Noumea 
(all  ANSP).  FIJI'  IDS.:  Yasawa  Group 
(USNM);  Bega  Ids.  (MCZ);  off  Suva  and 
off  Nandronga,  Viti  Levu  (both  USNM); 
off  Tunuloa  and  off  Natuvu,  Vanua  Levu 
( both  MCZ ) ;  Komo,  Lau  Group  ( USNM ) . 
SAMOA  IDS.:  W  side  of  Apia  Harbor, 
Vailele  Bay,  and  Samatau,  all  Upolu;  Pago 
Pago  Harbor,  Tutuila  (all  ANSP).  TONGA 
IDS.:  Tongatapu,  Tukutonga  Reef,  E  of 
Nukualofa   (USNM). 

Tellina  iTellinella)  rastellum  Hanley 

Plate  3,  figures  3,  4;  Plate  5,  figures  L  2. 

TcIlina  rastellum  Hanley  1844,  Proc.  Zool.  Soc. 
London,  pt.  12,  no.  134:  59  ( t\  pe-localit\ . 
Zanzibar;  syntypes,  BMXH,  unnunilicred );  [1842- 
1856],  Recent  Bivalve  Shells,  Appx.,  p.  347  [1856], 
pi.  14,  fig.  14  [1844];  1847  [in]  Sowerbv,  Thes. 
Conch.,  vol.  1,  Tellina,  p.  225,  pi.  64,  fig.  231, 
pi.  65,  fig.  242. 

Tellina  philippii  (Anton  MS)  Phihppi  1844, 
x\bbild.  Beschreib.  Conch.,  \ol.  1,  Tellina,  pi.  2, 
p.  126  [4],  fig.  8  (type-locality  not  given;  types 
not  known). 

Tellina  dissimilis  Deshayes  1854,  Proc.  Zool. 
Soc.  London  [1855],  pt.  22,  no.  283:  370  ( t>pe- 
locality  not  gi\en;  syntypes,  BMNH,  unnum- 
bered); Sowerby  1869  [m]  Reeve,  Conch.  Icon., 
vol.  17,  Tellina,  pi.  56,  figs.  338  a-b,  non  von 
Martens    1865. 

Description.  Shell  extending  to  103  mm 
in  length  and  to  51  mm  in  height,  elongate- 
sublanceolate,  nearly  equilateral,  subequi- 
valve,  solid,  rather  compressed,  with  left 
valve  of  slightly  greater  convexity,  and 
with  posterior  flexure  to  right.  Umbos 
central  or  slightly  behind  middle,  not  ele- 
vated, somewhat  pointed;  umbonal  cavity 
shallow  and  sometimes  filled.  Anterior 
margin  smoothly  and  narrowly  rounded; 
ventral  margin  gently  convex,  rising  in  con- 
cave arcuation  posteriorly;  anterior  dorsal 
margin  long,  gently  descending,  and  weakly 
convex;  posterior  dorsal  margin  equally  as 
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Plate    5,      Tellina     [Tellinella]     rastellum     Hanley,     Mozambique,    USNM  628938   (length    =  88.3  mm).     Fig.    1.     External   view 
of  the  right  valve.     Fig.  2.     Enlargement  of  Figure  1,  to  show   the    rasplike   sculpture   on    the    posterior   slope. 


long,  somewhat  more  sharply  descend- 
ing and  rather  straight;  posterior  margin 
oblique,  subdivided  into  dorsal  and  ventral 
portions,  each  irregularly  concave.  Concen- 
tric sculpture  consisting  of  narrow,  raised, 
and  regularly  spaced  lirations  (about  14-17 
per  cm  in  adult  specimens),  becoming 
stronger  and  differentiated  along  posterior 
slope.  Area  of  strengthened  sculpture 
greater  in  right  valve.    Differentiation  con- 


sisting of  sharply  raised  lirations,  irregularly 
spaced  concentrically,  and  foiTning  rasplike 
structures  along  posterior  slope.  Lirations 
also  somewhat  stronger  on  anterior  slope, 
but  not  differentiated  into  thin,  rasplike 
pattern.  Extremely  fine,  regularly  spaced, 
radial  sculpture  most  evident  on  umbonal 
region  of  disc,  but  also  discerned  in  deep 
sulci  or  interspaces  separating  concentric 
lirations.     At    least    two    strong    posterior 
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radial  ridges  in  right  valve;  similar  ridges 
in  left  valve,  but  not  as  strongly  differ- 
entiated. Irregular,  rather  deep  sulcus 
separating  ridges  in  right  valve.  Concentric 
sculpture  sharp,  sublamellose  over  ridges; 
generally  rasps  absent. 

Ligament  strong,  dark  brown  to  black, 
protuberant,  and  somewhat  set  in  indistinct 
lanceolate  escutcheon;  no  true  lunule,  but 
elongate,  depressed,  anterior  area  stronger 
in  right  valve.  Calcareous  portion  of  liga- 
ment elongate  and  narrowed,  subtended  by 
slightly  raised  nymphal  callosities.  Hinge 
line  strongly  developed.  In  left  valve, 
cardinal  complex  consisting  of  strong,  sub- 
deltoid, bifid  anterior  tooth  with  subequal 
lobes,  and  of  posterior  narrowed,  laminate 
tooth  closely  adpressed  to  calcareous  por- 
tion of  ligament;  both  cardinal  teeth  often 
lost  in  large  adult  specimens;  lateral  teeth 
moderately  developed,  shelflike  thickenings 
of  hinge  line,  bluntly  pointed;  anterior 
lateral  stronger  and  distal  to  cardinal  com- 
plex, but  closer  than  posterior  lateral  tooth. 
In  right  valve,  cardinal  complex  con- 
sisting of  posterior  strong,  subdeltoid, 
bifid  tooth  with  lobes  often  skewed  pos- 
teriorly, and  of  anterior  strong,  narrowed 
tooth;  lateral  dentition  strong,  socketed 
above,  pointed,  and  upcurled;  anterior 
lateral  tooth  closer  to  cardinal  complex 
than  posterior  lateral  tooth,  but  both  some- 
what distally  removed. 

Muscle  scars  rather  well  impressed.  An- 
terior adductor  muscle  irregularly  semi- 
lunate,  round  ventrally;  posterior  adductor 
muscle  scar  subquadrate  with  small  ventral 
extension.  Pallial  sinus  more  or  less  equal 
in  opposite  valves,  rising  only  slightly 
posteriorly,  then  gently  and  regularly  de- 
scending, bluntly  pointed  anteriorly,  then 
descending  in  convex  arcuation  and  form- 
ing confluence  with  pallial  line  for 
posterior  half  of  shell  length;  anteriormost 
portion  of  pallial  sinus  connected  to  an- 
terior muscle  scar  with  interlinear  scar; 
pallial  sinus  itself  well  removed  from  an- 
terior scar;  confluence  of  pallial  sinus  and 
palHal  line  shorter  in  right  valve.    Cruci- 


Length 

Height 

Width 

mm 

mm 

mm 

102.8 

50.5 

22.1 

83.7 

36.7 

15.8 

74.3 

34.6 

14.7 

61.0 

26.4 

11.8 

48.5 

19.8 

07.9 

43.1 

17.5 

07.1 

form  muscle  scars  moderately  impressed, 
generally  rounded,  closely  juxtaposed  in 
right  valve,  somewhat  more  widely  sepa- 
rated in  left  valve,  and  with  anterior  scar 
slightly  flattened  or  subrectangular.  Ex- 
ternal color  white  to  yellow,  with  reddish 
rays  of  various  widths  and  numbers.  In- 
ternally polished,  with  external  radial 
patterns  showing  through  shell,  and  often 
central  and  umbonal  suffusions  of  yellow. 


The   Bluff,   Durban 

Porto   Amelia,    Mozambique 

Porto   Amelia,    Mozambique 

Bavvi  Id.,  Zanzibar 

Durban 

Durban 

Remarks.  Among  the  Tellinacea,  and 
certainly  within  the  Tellininae,  T.  rasteUum 
is  one  of  the  species  with  the  largest  di- 
mensions. No  other  member  of  TeUinellu 
exceeds  it  in  size,  and  only  Tellina  ( Lacio- 
lina)  magna  from  the  western  Atlantic  is 
larger  in  overall  length. 

Unfortunately,  a  complete  ontogenetic 
series  of  this  species  is  not  available.  How- 
ever, as  in  many  other  tellinoid  species, 
T.  rasteUum  exhibits  differences  of  pro- 
portions between  the  smaller  or  more 
immature  specimens  and  the  larger  adults. 
As  the  measurements  indicate,  individuals 
of  shorter  length  tend  to  be  proportionately 
of  less  height.  That  is,  immature  speci- 
mens are  narrower  and  more  lanceolate  in 
outline.  Deshayes  (1855)  established  his 
T.  dissimilis  on  the  young  of  T.  rasteUum. 

A  number  of  Indo-Pacific  species  of 
TcUineUa  have  peculiar  rasplike  sculpture; 
they  are  all  relatives  of  T.  rasteUum.  These 
include  T.  pulcherrima  Sowerby  1825,  T. 
asperrima  Hanley  1844,  and  T.  verrucosa 
Hanley  1844.  Prashad  (1932)  has  given  a 
complete  historical  resume  of  these  species. 
Smith  (1885)  noted  the  resemblance  be- 
tween species  with  the  rasplike  sculpture, 
which  differ  chiefly  in  the  extent  of  the 
distribution  of  this  sculpture  over  the  sur- 
face of  the  valves.  In  rasteUum,  the  rasps 
are     developed     posteriorly,     whereas     in 
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pulcherrima,  both  the  anterior  and  pos- 
terior slopes  have  them;  in  asperrima  and 
verrucosa,  the  entire  valve  surface,  includ- 
ing the  central  area  of  the  disc,  has  this 
sculpture.  The  relative  proportions  of  the 
shell  differ  in  these  species.  Tellina  ra.s- 
tellum  is  distinct  in  lia\ing  the  umbo 
central  or  slightly  behind  the  middle. 
Further,  its  rasps  are  not  present  on  the 
extreme  posterior  dorsal  slope,  the  area 
set  off  bv  the  radial  ridges. 

Range.  From  all  available  evidence, 
there  may  be  two  disjunct  populations  of 
T.  ra.steUinn.  One,  the  more  extensive, 
occurs  from  the  Persian  Gulf  through  the 
Arabian  Sea  and  Indian  Ocean  south  along 
the  coast  of  East  Africa  to  the  vicinity  of 
Durban,  Natal,  South  Africa.  Offshore 
islands,  including  the  Seychelles  and  Mada- 
gascar, are  also  inhabited  by  this  western 
population.  The  other  population  ranges 
through  Indonesia  and  the  northern  Philip- 
pines to  the  Palau  Islands  of  the  western 
Caroline  Islands. 

Numerous  authors  have  documented  the 
occurrence  of  T.  rastcUum  through  the 
range  delineated  abo\e.  The  following  is 
a  selected  bibliograph\-  of  records  of  this 
species.  Natal  (Sowerby,  1897);  Ponta 
Torres  (Paes  da  Franca,  1960a);  Inhaca 
(Boshoff,  1965);  Kerimba  (von  Martens, 
1880);  Madagascar  (Bertin,  1878;  Daut- 
zenberg,  1929);  Seychelles  (von  Martens, 
1880);  Dar-es-Salaam  (Spry,  1964);  Zan- 
zibar (Romer,  1871);  Djibouti,  Perim, 
Aden  (Lamy,  1918);  Red  Sea  (Issel,  1869); 
Attaka  (Vaillant,  1865);  Gulf  of  Oman, 
Muskat  (Melvill  and  Standen,  1907); 
Minikoy,  Maldive  Islands  (Smith,  1906); 
Philippines  (Hidalgo,  1903).  Tlie  species 
has  also  been  found  fossilized  in  the 
Quaternary  deposits  along  the  Red  Sea 
(Bertin,  1878;  Nardini,  1937). 

Specimens  examined.  REPUBLIG  OF 
SOUTH  AFRICA:  The  Bluff,  Durban 
(NM);  Durban  Beach  (USNM);  Durban 
Bay  (DM;  NM);  Natal  (BMNH;  MCZ). 
MOZAMBIQUE:  Inhaca  Island  (ANSP); 
Mozambique    City    (ANSP);    near    Porto 


Amelia  (USNM).  TANZANIA:  Chumbe 
Island;  1  mi.  N  of  Paje  in  0-10  ft.  (0-3  m); 
Mazizini;  Mkunguni;  Mnemba  Island  in 
0-6  ft.  0-1.8  m);  Ras  Nungwe,  Zanzi- 
bar (all  ANSP);  Bawi  Island  (USNM). 
ADEN  PROTECTORATE:  Aden  (BMNH). 
MADAGASCAR:  3  mi.  SE  of  Nosy  Iranja 
in  11  fms.  (20  m),  sand;  Andilana,  Nosy 
Be  in  0-5  ft.  (0-1.5  m),  mud,  sand  and 
rock  (both  ANSP).  INDONESIA:  Pa- 
dang,  Sumatra  (BMNH),  PHILIPPINE 
ISLANDS:  S  side  of  Corregidor  Island, 
Luzon  in  11  fms.  (20  m)  (ANSP).  CARO- 
LINE ISLANDS:  off  Arakabesan  Island, 
Palau  Islands   (ANSP). 

Subgenus  Arcopag'ia   Brown 

Arcopagia  ( Leach  MS )  Brown  1827,  Illus. 
Conch.  Great  Britain  and  Ireland,  pi.  16,  figs.  8, 
9,  10  ( type-species,  Tellina  crassa  Pennant  1776, 
subsequent  designation  Herrmannsen,  1846,  p. 
76). 

Cydippe  (Leach  MS)  Gray  1852,  Syn.  Moll 
Cireat  Britain,  p.  314  (type-species,  Cijdippe 
listeriana  Leach  1852  [zz  Tellina  crassa  Pennant 
1776],  nionotypy),  non  Eschscholtz  1829   (Coel.). 

Areopagia  '(Leach  MS)  Brown'  von  Martens 
1860,  Proc.  Zool.  Soc.  London,  pt.  28  [1],  p.  18, 
error  for  Arcopagia   (Leach  MS)   Brown   1827. 

Arcopogia  '(Leach  MS)  Brown'  Gueranger 
1867,  Album  Paleont.  Sarthe,  p.  12  and  explan. 
pi.  XV,  fig.  11,  error  for  Arcopagia  (Leach  MS) 
Brown  [original  not  seen,  teste  Xeave  1939,  p. 
283]. 

Acropagia  '(Leach  MS)  Brown'  Cams  1868-75 
[in]  Cams,  ].  V.  and  C.  E.  A.  Gerstaecker,  Hand- 
buch  Zool.,  1 :  734,  error  for  Arcopagia  ( Leach 
MS)   Brown   1827. 

Arcopagclla  Meek  1871,  Prehm.  Kept.  U.  S. 
Geol.  Sur\'.  Wyoming  and  Territories,  p.  308 
( t>'pe-species,  Arcopagclla  mactroides  Meek  1871, 
monotypy ) . 

Pscudarcopagia  Bertin  1878,  Nou\-.  Arch.  Mus. 
Paris,  Ser.  2,  1:  229,  264  (type-species,  Tellina 
decnssata  Lamarck  1818,  non  Wood  1815  [  = 
victoriae  Gatliff  and  Gabriel  1914],  subsequent 
designation   Dall    1900:    1011). 

CtjclofcUina  Cossniann  1886,  Ann.  Soc.  R. 
Malac.  Belg.,  21:  79  (type-species,  Tellina 
lumdata  (Lamarck  MS)  Deshayes  1824,  original 
designation ) . 

Arcopagiopsis  Cossniann  1886,  Ann.  Soc.  R. 
Malac.  Belg.,  21:  81  (type-species,  Tellina  pustula 
Deshayes  1825,  subsequent  designation,  Dall  1900: 
1005). 
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Pseudoarcopa^ia  'Bertin'  Tate  and  May  1901, 
Proc.  Linn.  Soc.  New  Sonth  Wales,  26  (3):  426, 
error  for   Pscudarcopagia   Bertin    1878. 

Arcopa^inuJa  ( lousseaimie  MS)  Lamy  1918, 
Bull.  Mus.  Xatl.  I'list.  Nat.  Paris,  24:  167  ( type- 
speeies,  TcUina  inflata  Chemnitz  1782  [=  T.  inflaia 
Gmelin  1791],  non  Sowerby  1867,  original  desig- 
nation ) . 

Scutarcopapia  Pilsbry  1918,  Proc.  Acad.  Xat. 
Sci.  Philadelphia,  69:  332  (type-species,  TcUina 
scohinata  Liimaeiis    17.58,  original  designation). 

PinpuitcUina  Iredale  1927,  Rec.  Australian  Mus., 
16:  76  (type-species,  TcUina  rolmsta  Hanley  1844, 
original  designation ) . 

Zcarcopapia  Finlay  1927,  Trans.  Proc.  New- 
Zealand  Inst.,  57:  466  (type-species,  TcUina 
discultis  Desha>es   1855,  original  designation). 

ArcopcUa  ( Monterosato  MS)  Thiele  1935, 
Handbuch  der  systematischen  Weichtierkunde, 
vol.  2,  pt.  3:  914  (type-species,  TcUina  halaustina 
Linnaeus    1758.    nionotypy). 

Description.  Shell  small  to  large,  usually 
ovate,  solid,  equivaKe,  and  more  or  less 
equilateral.  Lateral  dentition  well  de- 
veloped. In  right  valve,  both  lateral  teeth 
distinct  and  strong;  posterior  lateral  tooth 
distal  to  cardinal  complex  and  anterior 
lateral  tooth  subproximal  or  distal  to  car- 
dinal complex.  Pallial  sinus  of  various 
configurations;  sometimes  linear  scar  con- 
necting anterior  adductor  muscle  scar  and 
pallial  sinus. 

Remarks.  Arcopa^ia  in  its  broad  sense 
is  herein  treated  as  a  subgenus,  whereas 
some  authors  have  used  it  as  a  full  genus, 
and  man\-  workers  have  divided  it  into 
numerous  sections.  Some  traits  that  t\pify 
the  group  are  unstable  and  liable  to  alter- 
ation among  related  species;  however,  the 
orbicular  shape  and  general  thickness  of 
the  valves  are  typical.  The  lateral  dentition 
is  stronger  in  the  right  valve  than  in  the 
left,  and  the  position  of  these  teeth  is  vari- 
able, although  the  posterior  lateral  tooth 
is  nearl\-  alwa\s  distally  removed  from  the 
cardinal  complex.  The  left  lateral  dentition 
is  characterized  by  the  obsolescence  of  the 
distal  posterior  tooth  and  by  a  variable 
placement  of  the  anterior  tooth.  In  the 
t\pe-species,  the  pallial  sinus  ascends 
obliquely  and  descends  to  the  terminus  of 
the  pallial  line,  so  that  no  confluence  oc- 


curs; however,  the  sinus  may  be  confluent 
\vith  the  pallial  line  for  nearly  all  its  length 
in  other  species. 

Man\'  of  the  so-called  genera  delineated 
in  the  sviionymy  have  been  established  on 
characteristics   of  trivial  or  specific  signi- 
ficance.   Species  such  as  Tellina   cicioriae 
Gatliff  and  Gabriel,  the  type  of  P.seiukir- 
copagia,    and    T.     discultis    Deshayes    of 
Zearcopagia  are  so  closeK'  related  to  one 
another,  and  in  turn  to  T.  ponsonbyi,  that 
it  is  difficult  to  see  how  anyone  could  have 
justified   a   'generic'   difference.     Although 
the  placement  of  the  pallial  sinus  in  these 
species  differs  from  that  in  T.  crassa  Pen- 
nant, the  t>'pe  of  Arcopagia,  the  existence 
of  man\'  species  with  an  intermediate  or 
medialK"  confluent  pallial  sinus  and  pallial 
line    indicates    the    relationship    between 
these    geographically    separated    lineages. 
The    relative    strength    of    the    concentric 
or  radial  sculpture  is  likewise  an  unsatis- 
factory   basis    for    generic    distinction    in 
Arcopagich  since  man\'  of  the  forms  show 
a  reduction  in  the  strength  of  the  sculpture 
ontogeneticall}-.     Scutarcopogia    is    unique 
in   its   rasplike   sculpture,   but    it   ma>-   be 
compared  to  T.  rastcllum  and  its  congeners 
in   TeUinella,   a   species-complex   which   is 
consubgeneric  \\ith  T.  virgata.    One  might 
be  inclined   to   treat   Scutarcopagia   separ- 
ately,   if    a    genuine    radiation    of    species 
existed  but,  as  it  is,  onl\-  two  forms  could 
be   relegated   to    it:    T.    scohinata    and    T. 
elizahethae  Pilsbry  1917.   PingiiitcUina  may 
constitute     a     natural     group — the     t>pe- 
species   being   distinct    and   a    number   of 
forms    being    obviously    related.     Yet    the 
sculpture   is   rather  strongly   concentric  in 
youthful  stages  and  is  subsequently  worn 
down   to   give   the  smooth   appearance   of 
the  adult.    The  pallial  sinus,  which  in   T. 
robusta  extends   near  to   the   anterior   ad- 
ductor muscle  scar  and  then  parallels  the 
pallial  line  for  much  of  its  length  before 
becoming   confluent   for   a    short   distance 
posteriorly,    is   widely   variable   in    closely 
allied  species,  the  confluence  often  being 
extensi\'e.   The  fossil  groups  Arcopagiopsis, 
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Cyclotellina,  and  particularly  Arcopagella 
Meek,  are  tentatively  placed  here,  since 
their  relationship  to  the  lineage  of  the 
Recent  Arcopagia  is  not  positively  dis- 
cerned. 

Arcopagia  is  found  in  the  Cretaceous 
(Stoliczka,  1870).  Many  species  have  been 
described  in  Cenozoic  deposits,  and  it  is 
well  represented  in  the  Eocene  of  the  Paris 
Basin.  In  the  Recent  fauna,  the  group  is 
most  highly  developed  in  the  Indo-Pacific. 
Most  species  prefer  a  tropical  habitat  in 
rather  coarse  substrates,  but  some  have 
cool  temperate  or  even  boreal  distributions. 

Tellina  (Arcopagia)  ponsonby]  Sowerby 
Plate  6,  figures  1-3;  Plate  14,  figure  1. 

Tellina  ponsonbyi  Sowerby  1889,  Jour.  Conch., 
6:  155,  pi.  3,  fig.  1  (type-locality  not  given, 
'South  Africa'  on  original  label,  here  designated. 
Port  Alfred,  Republic  of  South  Africa;  holotype 
and  three  paratypes,  BMNH  89.4.14.2904-2908). 

Tellina  rietensis  Turton  1932.  The  marine  shells 
of  Port  Alfred,   South  Africa,  p.   248,   pi.   66,   no. 

1747  ( type-locality.  Port  Alfred,  Republic  of  South 
Africa;   holotype,   Oxford   University   Museum). 

Tellina  kraussi  Turton  1932.  The  marine  shells 
of  Port  Alfred,   South   Africa,  p.   248,   pi.   66,   no. 

1748  (type-locality,  Port  Alfred,  Republic  of 
South  Africa;  syntypes,  Oxford  University  Mu- 
seum). 

Description.  Shell  extending  to  34  mm  in 
length  and  to  28  mm  in  height,  irregularly 
subovate  to  subtrigonal  in  outline,  in- 
equilateral, equivalve,  solid,  moderately 
inflated,  with  both  valves  of  equal  con- 
vexity and  without  a  noticeable  flexure  to 
the  right  posteriorly.  Umbos  subcentral 
or  a  little  before  middle  in  subtrigonal 
specimens,  not  elevated,  somewhat  pointed 
and  orthogyrous.  Anterior  margin  broadly 
rounded  and  convex;  ventral  margin  con- 
vex and  rising  gently  posteriorly;  anterior 
dorsal  margin  short,  rather  sharply  descend- 
ing and  straight  to  slightly  convex  or 
concave;  posterior  dorsal  margin  long,  ir- 
regularly convex,  and  rather  steeply  de- 
scending; posterior  margin  not  well  defined, 
short,  irregularly  convex.  (In  subovate  in- 
dividuals the  posterior  dorsal  margin  and 
posterior  margin  are  not  distinguished  at 
all;   rather  there   is   an   irregularly   convex 


outline  to  the  posterior  portions  of  the 
shell. )  Sculpture  consisting  of  concentric 
lirations  (about  4-7  per  mm  on  central 
disc)  and  of  radial  riblets  (about  6-10 
per  mm  on  central  disc)  forming  definite 
reticulate  pattern.  Concentric  growth  lines 
coincident  with  crowding  of  concentric 
lirations  present  and  probably  indicative 
of  annual  growth — six  growth  lines  in  in- 
dividuals at  2.5  cm  and  often  associated 
with  color  differences.  Small  distinct  cen- 
tral portion  of  ligament  subtending  umbos. 
Weak  radial  ridge  emanating  from  umbo 
and  convexly  paralleling  posterior  dorsal 
margin  posteriorly. 

Ligament    yellow    to    brown,    elongate, 
strong,  not  protuberant,  sunken  in  poorly 
defined  escutcheon;   calcareous  portion  of 
ligament  short,  triangular,  about  1/2  length 
of  homy  portion.  No  true  lunule  developed. 
Hinge    line    strongly    developed.    In    left 
valve,   cardinal   complex  consisting  of  an- 
terior narrowly  subdeltoid,   bifid   cardinal 
tooth  with  subequal  lobes,  and  of  posterior 
obsolete  elongate  cardinal  tooth  coalesced 
with  internal  ligamental  element;  anterior 
and    posterior    lateral    teeth    strong    and 
pointed,  not  socketed  above;  anterior  tooth 
closer  to  cardinal  complex;  posterior  lateral 
tooth  distal,  well  beyond  end  of  ligament. 
In  right  valve,  cardinal  complex  consisting 
of  weakly  bilobed  posterior  cardinal   and 
obsolete  anterior  cardinal,  often  lost  or  con- 
sisting of  irregular  wrinkle  on  cardinal  plate; 
anterior  and  posterior  lateral  teeth  strong, 
pointed,    socketed    above;    anterior    tooth 
closer   to   cardinal   complex   and   posterior 
tooth   distal.     Distinct    groove    coextensive 
with  socket  above  posterior  tooth  extend- 
ing length  of  external  ligament. 

Muscle  scars  moderately  impressed.  An- 
terior scar  irregularly  semilunate  and  pos- 
terior subrectangular.  Pallial  sinus  more 
or  less  equal  in  opposite  valves,  gently 
rising,  sometimes  pointed  dorsally,  rounded 
anteriorly  and  coalescent  with  pallial  line 
for  about  1/3  its  ventral  length  posteriorly. 
Pallial  sinus  widely  separated  from  the 
anterior  adductor  muscle  scar.    Cruciform 
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Plate  6.  Figs.  1,  2,  and  3.  Tellina  [Arcopagia]  ponsonbyi  Sowerby:  Fig.  1,  external  view  of  the  left  valve,  Albany, 
South  Africa,  USNM  98045  (length  :=  22.9  mm);  Fig.  2,  infernal  view  of  the  right  valve.  Still  Bay,  South  Africa,  SAM 
A30022  (length  z=  17.9  mm);  Fig.  3,  external  view  of  the  left  valve.  Still  Bay,  South  Africa,  SAM  A30022  (length  =:  23.9 
mm).  Fig.  4.  Tellina  (Serratina)  copsoides  Lamarck:  adult  individual,  external  view  of  the  right  valve,  Durban,  NM  (length 
^  57.3  mm). 


muscle  scars  rather  distinct,  posterior  scar 
larger  and  set  somewhat  outward,  toward 
posteroventral  margin.  Shell  white  to  dirty 
off-white;  internally  polished,  externally 
dull  with  darker  concentric  growth  rings. 


Length 

Height 

Width 

mm 

mm 

mm 

33.5 

28.0 

12.5 

Port  Alfred 

32.7 

26.8 

12.7 

Algoa  Bay 

29.0 

25.0 

12.6 

Jeffrey's  Bay 

25.0 

20.0 

— 

holotype  of  ponsonbyi 

22.2 

19.4 

09.7 

Durban 

16.0 

12.0 

— 

holotype  of  rietensis 

15.0 

13.0 

syntype  of  kraiissi 

13.8 

11.4 

06.5 

off  Tugela  River 

10.2 

08.9 

— 

Still  Bay 

03.7 

02.8 

Port  Alfred 

Remarks.  Tellina  ponsonbyi  is  distin- 
guished from  other  South  African  tellens 
by  its  distinctly  cancellate  or  reticulate 
sculpture.  The  concentric  portions  of  the 
sculpture  are  strongest  peripherally  and 
along  the  posterior  dorsal  slope,  where 
they  may  even  become  somewhat  sub- 
lamellate.  The  synonyms  Tellina  rietensis 
and  T.  kraussi,  introduced  by  Turton,  were 
based  on  shape  and  on  beach-worn  ma- 
terial, respectively. 

As  has  been  indicated  in  the  descrip- 
tion, T.  ponsonbyi  undergoes  considerable 
change  of  shape  during  ontogeny.  Immature 
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specimens  up  to  5  mm  in  length  are  sub- 
quadrate  or  subrectangular  in  outline. 
Gradually  they  assume  the  typically  sub- 
ovate  to  subtrigonal  outline  of  adult  speci- 
mens. The  distinctive  sculpture  begins  to 
develop  when  the  shell  is  about  3.5  mm 
in  length.  Internally,  the  dentition  and 
configuration  of  the  pallial  sinus  are  diag- 
nostic. 

Specimens  of  T.  pon.wnhiji  could  possibly 
be  confounded  with  Gastrana  ahildiiaar- 
diana  (Spengler),  since  the  species  bear  a 
superficial  resemblance  to  each  other.  The 
latter,  however,  has  distinctly  stronger  con- 
centric sculpture,  lacks  lateral  dentition, 
and  possesses  extremely  well-developed 
cardinal  teeth — particularly  the  extremely 
strong,  bilobed,  protuberant  anterior  card- 
inal in  the  left  valve. 

T.  ponsonhiji  confonns  to  the  morpho- 
logical patterns  seen  in  Arcopan,ia.  Tlie 
tyjDc-species  of  this  group  is  the  European 
species,  T.  cmssa  Pennant.  The  main  fea- 
tures that  distinguish  this  subgenus  are  the 
presence  of  well-developed  lateral  teeth, 
particularly  in  the  right  valve,  where  the 
anterior  lateral  tooth  is  a  little  more  closely 
placed  in  relation  to  the  cardinal  complex 
than  is  the  posterior  lateral  tooth,  and  the 
more  or  less  basically  rounded  or  subovate 
shape  of  the  valves.  A  number  of  other 
superspecific  taxa  conform  to  this  general- 
ized pattern  and  have  been  established  on 
criteria  that  cannot  be  construed  as  being 
of  subgeneric,  much  less  generic,  impor- 
tance; these  are  included  in  the  synon\'m>' 
of  Arcopa^ia.  In  point  of  fact,  these 
nominal  superspecific  taxa  cloud  the  true 
phylogenetic  relations  of  the  representative 
species. 

T.  vicforioe  Gatliff  and  Gabriel  1914 
(=  T.  decm.mta  Lamarck  1S18,  non  Wood 
1815),  of  New  South  Wales  and  South 
Australia,  is  a  near  relative  of  T.  pomonhiji. 
The  pattern  again  singles  out  the  relation- 
ships between  the  Australian  and  South 
African  faunas.  T.  victaiiae  is  more  nearly 
perfectly  rounded,  larger  in  size  (adults 
longer  than  50  mm),  and  has  stronger  con- 


centric sculpture  than  does  T.  ponsonhiji. 
Further,  the  pallial  sinus  in  T.  victoriae  is 
more  extensively  coalescent  with  the  pallial 
Hue.  Tlie  New  Zealand  analog  is  T.  dl'i- 
cuht.s  Deshayes  1854,  which  has  been 
referred  to  Zearcopa^ia.  The  roundly  in- 
flated T.  hira.sci  Pilsbry  1904  is  a  Japanese 
relative  of  ponsonhyi. 

Ran'^e.  Tellina  pon.sonhiji  lives  in  south- 
east African  waters  from  Still  Bay  in  Cape 
Province  to  Zululand;  it  prefers  offshore 
waters  of  depths  to  95  m.  Boshoff  (1965) 
has  recorded  what  he  called  'ponsonhyi'  as 
far  north  on  the  eastern  coast  as  Inhaca, 
Mozambique,  where  he  took  a  recently 
dead  specimen  from  under  coral  talus.  The 
specimen  identified  by  Boshoff  is  definitely 
not  T.  ponsonhyi  but  another  Indo-Pacific 
species,  probably  T.  fimhriata  Hanley. 

Specimens  examined.  REPUBLIC  OF 
SOUTH  AFRICA:  Still  Bav  (SAM);  Mos- 
sel  Bay  (UCT);  Jeffrev's  Bav  (MCZ; 
USNM);  Port  Elizabeth  (BMNH);  Al- 
goa  Bay  (NM;  SAM);  Albany  District 
(USNM);  Port  Alfred  (BMNH;  MCZ; 
USNM);  Port  Alfred,  near  Grahamstown 
(USNM);  Durban  (DM;  NM);  off  Tugela 
River  (SAM);  off  O'Neill  Peak,  Zululand 
(SAM). 

Tellina    {Arcopagio)    yemenensis   (Melvill) 
Plate  7,  figures  3,  4;  Plate  17,  figures  5,  6. 

Tellina  (Angulu.s)  yemenensis  Melvill  1898, 
Ann.  Mag.  Nat.  Hist.,  (7)1:  203,  pi.  12,  fig.  11 
(type-locality,  Aden;  holotype,  BMNH  98.3.17.6). 

Tellina  sieheniocki  Sturany  1901,  Denkschrift. 
Kaiser.  Akad.  Wiss.,  Math.-Naturw.  Class,  Wien, 
69;  278-9,  pi.  6,  figs.  4-7  (type-locality, 
Ghulejfaka,  Landzunge  Ras  Medjamila  [14°35'N, 
74°58'E,  Yemen  Coast,  Red  Sea];  holotype,  ? 
Vienna   Mns.). 

Tellina  {Areojmgia)  bertini  (lousseaume  MS) 
Laniy  1918,  Bull.  Mns.  Natl.  Hist.  Nat.  Paris,  24: 
120  ( tvpe-localitv,  Aden,  Djibouti;  holotype,  ? 
MXHNP). 

Description.  Shell  extending  to  18  mm 
in  length  and  to  13  mm  in  height,  sub- 
trigonal,  inequilateral,  equivalve,  rather 
solid,  inflated  with  short,  rather  sharp  pos- 
terior flexure  to  right.  Umbo  slightly 
behind    middle,    opishthogyrous,    elevated, 
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Plate  7.  Figs.  1  and  2.  Teliina  [Quidnipagus]  palatam  Iredole  1929,  Bweju,  Zanzibar,  USNM  604319:  Fig.  1,  external 
view  of  the  right  valve  (length  ^z  79  mm);  Fig.  2,  external  view  of  the  left  valve  of  on  immature  individual  (length  =  9.7 
mm).  Figs.  3  and  4.  Tellina  (Arcopogia)  yemenensis  Melvill,  Durban  Bay,  DM  (length  :=  15.6  mm);  Fig.  3,  external  view 
of  the   right  valve;     Fig.   4,    internal   view  of  the   right  valve. 


and  .somtn\'hat  blunt;  uml:)onal  cavity  shal- 
low. Anterior  margin  smoothly  and  usualK' 
narrowly  rounded;  ventral  margin  genth' 
convex,  rising  in  subsigmoid  arcuation  pos- 
teriorly; anterior  dorsal  margin  rather 
steeply  descending,  long,  and  straight  to 
weakly  convex;  posterior  dorsal  margin 
steeply  descending,  straight,  and  long; 
posterior  margin  short,  blunt,  irregularly 
convex,  and  forming  subrostrate  outline  to 
posterior  aspect  of  valve.  Sculpture  con- 
sisting of  weakly  incised,  very  closely 
spaced  lirations  (10-15  per  mm),  most 
evident  peripherally;  centrally  smooth;  no 
true  radial  sculpture.  Radial  posterior 
ridges  in  each  valve  with  weakly  depressed 
sulcal  area  in  front  of  ridsies. 


Ligament  bro\\nish,  protuberant,  short, 
subtended  by  short,  flattened  nymphs.  No 
true  lunulc;  escutcheon  short,  broadly 
lanceolate;  posterior  ridges  forming  broad, 
flattened,  posterior  dorsal  surface.  Hinge 
line  moderately  \\'ell  developed.  In  left 
valve,  cardinal  complex  of  anterior,  sub- 
deltoid to  somewhat  bifid  tooth  with  more 
or  less  equal  lobes,  and  of  posterior  long, 
thin,  oblique  laminate  tooth;  anterior  lat- 
eral tooth  moderately  developed,  consisting 
of  thickening  hinge  line;  rather  distal  to 
cardinal  complex;  posterior  lateral  tooth 
distal  to  cardinal  complex,  weakly  pointed. 
In  right  valve,  cardinal  complex  consisting 
of  posterior,  rather  weak,  slightly  skewed 
bifid  tooth,  and  of  anterior,  single,  strong, 
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subdeltoid  tooth;  posterior  lateral  tooth 
distal,  slightly  upcurled,  pointed,  and  sock- 
eted above;  anterior  lateral  tooth  very 
strong,  subproximal,  upcurled  and  socketed 
above.  No  true  internal  rib;  weakly  radially 
vermiculate. 

Muscle  scars  moderately  impressed.  An- 
terior adductor  muscle  scar  irregularly 
semilunate;  posterior  adductor  muscle  scar 
subelliptical.  Pallial  sinus  rising  very 
steeply  posteriorly,  arched  beneath  umbo, 
falling  in  straight  to  subconcave  arcuation 
anteriorlv,  not  confluent  with  anterior  ad- 
ductor  muscle  scar  and  uniting  with  pallial 
line  just  ventral  to  it.  Cruciform  muscle 
scars  small,  round  in  left  valve;  anterior- 
most  in  right  valve  subrectangular,  close 
to  periphery.  Shell  usually  flesh  colored 
externally  and  internally,  rarely  white  or 
pinkish;  sometimes  with  iridescent  sheen. 


Length  Height  Width 

mm  mm  mm 

17.2     12.6  07.2 

16.5  11.5  06.7 

15.6  11.1  05.7 
12.2     08.2  04.4 


Durban  Bay 
Durban  Bay 
Durban  Bay 
Durban  Bay 


Remarks.  Tellina  yemenensis  is  typified 
by  its  rather  sturdy,  solid  shell  and  its 
thickened  dentition  in  the  right  valve.  The 
apricot-flesh  coloration  and  the  smooth 
external  sculpture  are  helpful  in  the  recog- 
nition of  this  species.  It  is  variable  in  color, 
with  the  apricot  sometimes  reduced  to  a 
pale  yellow-white,  though  the  coloration 
may  be  intense  and  the  suffusion  complete. 
Also,  all  specimens  are  not  so  definitively 
subrostrate  posteriorly.  The  fine  illustra- 
tions of  Sturany  ( 1901 )  show  the  typical 
posterior  outline  and  the  form  of  the  pallial 
sinus. 

Salisbury  ( 19.34 )  remarked  that  he 
thought  T.  yemenenms  belonged  to  the 
T.  nitila  Dunker  complex;  however,  the 
rutila  group  possesses  the  anguloid  facies 
and  is  discussed  under  canonica  {q.v.). 
Lamy  (1918)  placed  the  synonyms  of  T. 
yemenensis  in  with  Arcopo^,iu.  Heretofore, 
the  small  arcopagoids  have  been  placed  in 
Pinguitellina  Iredale,  with  T.  robusta  Han- 


ley  as  type.  Although  some  authors  have 
employed  this  name  at  the  generic  level 
(Dall,  Bartsch,  and  Rehder,  1938),  Pingui- 
tellina  represents  nothing  more  than  a 
variation  on  an  arcopagoid  theme,  which 
accounts  for  its  appearance  in  the  synonymy 
of  Arcopagia.  Having  a  sturdy,  rounded, 
plump  shell,  T.  yemenensis,  with  its  strong 
development  of  a  subproximal  right  an- 
terior lateral  tooth  and  a  distal  posterior 
lateral  tooth,  is  certainly  referable  to 
Ar  co-pa  gia. 

Tomlin  (1926)  was  the  first  to  report 
T.  yemenensis  from  South  Africa,  on  a 
single  specimen  collected  at  Durban  by  a 
Mr.  Falcon  and  preserved  in  the  collection 
of  the  Natal  Museum  (no.  3649).  Barnard 
( 1964b ) ,  without  seeing  the  specimen, 
incorrectly  referred  Tomlin's  record  to  H. 
hidwigii.  A  number  of  other  specimens 
have  been  taken  in  Durban  Bay  and,  there- 
fore, T.  yemenensis,  though  relatively  rare, 
occurs  in  the  area. 

Range.  This  species  lives  in  the  Red 
Sea  and  in  the  Indian  Ocean  from  Aden  to 
Durban,  South  Africa. 

Specimens  examined.  REPUBLIC  OF 
SOUTH  AFRICA:  Richards  Bay,  Zululand 
(UCT);  Durban  Bav  (DM;  NM).  ADEN 
PROTECTORATE:  Aden  (BMNH). 

Subgenus  Quidnipagus  Iredale 

Quidnipagus  Iredale  1929,  Mem.  Queensland 
Mus.,  9:  266  (type-species,  Cochlea  paJatam 
Martyn  1784  [not  available]  [=  Tellina  palatam 
Iredale   1929],  original  designation). 

Description.  Shell  of  medium  length, 
ovate-subtrigonal,  solid,  inequivalve  with 
right  valve  of  greater  convexity  and  flexed 
to  right  posteriorly.  Umbos  subcentral. 
Concentric  sculpture  consisting  of  lamellate 
undulations.  Dentition  well  developed; 
right  lateral  teeth  strong,  anterior  sub- 
proximal to  cardinal  complex.  Pallial  sinus 
extending  nearly  to  anterior  adductor 
muscle  scar,  broadly  rounded,  paralleling 
pallial  line  ventrally  and  confluent  for  pos- 
terior half  of  pallial  line. 

Remarks.  Quidnipagus  has  hitherto  been 
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considered  a  section  of  Quadrans  (Thiele, 
1935).  Its  relationship  to  both  Arcopagia 
and  Serrofina  is  indicated  by  its  general 
ovate  shape  and  its  developed  right  lateral 
dentition.  However,  the  sculpture  is  ex- 
ceptional and  the  group  is  evidently  mono- 
typic.  The  so-called  Scuta rcopagia  (herein 
considered  as  a  variation  of  the  arcopagoid 
theme),  including  such  species  as  T.  scohi- 
nata,  and  the  rastellum-group  of  TcUincUa, 
approach  in  their  scalelike  or  rasplike 
sculptures,  respectively,  the  irregular  un- 
dulations of  Quidnipagus. 

Tellina  (Quidnipagus)  palafam  (Iredaie) 
Plate?,  figure  1,2. 

Tellina  rugosa  Born  1778,  Index  rerum  natur- 
alium  Musei  Caesarei  Vindobonensis,  pt.  1, 
Testacea,  p.  18;  1780,  Testacea  Musei  Caesarei 
Vindobonensis,  p.  29,  pi.  2,  figs.  3,  4  (type- 
locality,  not  given;  holotype,  Vienna  [see  Brauer, 
1878]),  non  Pennant  1777,  nee  Solander  1786, 
nee  Homer  1836. 

Cochlea  palatam  Martyn  1784,  Univ.  Conch., 
vol.  4,  pi.  138  (type-locality,  China;  types,  not 
known  ).^ 

Tellina  (  Tellinella )  rugosa  obtusa  ( Jousseaume 
MS)  Lamy  1918,  Bull.  Mus.  Natl.  "Hist.  Nat. 
Paris,  24:  29  (type-locality,  Red  Sea;  holotype, 
MNHNP),  non  Sowerby  1868. 

Quidnipagus  palatam  Iredaie  1929,  Mem. 
Queensland  Mus.,  9:  266  (refers  to  Coehlea 
palatam  Martyn  1787  [1784],  Univ.  Conch.,  vol. 
4,  pi.   138). 

Description.  Shell  extending  to  68  mm 
in  length  and  53  mm  in  height,  ovate- 
subtrigonal,  subequilateral,  inequivalve, 
solid,  somewhat  inflated,  with  right  valve 
of  greater  convexity,  and  with  sharp  and 
well-developed  flexure  to  right  posteriorly. 
Umbo  subcentral,  slightly  in  front  of 
middle,  pointed,  slightly  inflated  and 
smooth.  Anterior  margin  broadly  and 
smoothly  rounded;  ventral  margin  gently 
convex,  rounded  anteriorly,  rising  in  sub- 
concave  postbasal  arcuation  posteriorly; 
anterior  dorsal  margin  convex,  rounded  and 
gently  descending;  posterior  dorsal  margin 

■^  This  work  is  not  available  for  nomenclatorial 
purposes.  It  has  been  suppressed  by  the  ICZN, 
Opinion  456. 


more  steeply  descending  and  more  or  less 
straight;  posterior  margin  irregular,  straight 
to  slightly  convex,  forming  oblique  trun- 
cation. Sculpture  consisting  of  concentric 
irregularly  undulate  raised  lamellations 
(about  1  per  mm)  on  central  disc,  becom- 
ing stronger  on  right  posterior  slope; 
extremely  fine  concentric  lirations  in  sulci 
bet\veen  lamellations.  Extremely  fine  radial 
lirations  also  present  in  interlamellar  sulci; 
weaker  peripherally,  most  evident  umbon- 
ally.  Single  strong  posterior  radial  ridge  in 
right  valve  and  concomitant  shallow  sulcus 
in  left  valve. 

Ligament  brownish  black,  strong,  slightly 
protuberant,  somewhat  sunken  in  elongate 
lanceolate  escutcheon;  lunule  elongate,  nar- 
row, depressed,  stronger  in  left  valve. 
Calcareous  portion  of  ligament  set  upon 
moderately  developed  and  slightly  raised 
nymphal  callosities.  Hinge  line  well  de- 
veloped. In  left  valve,  cardinal  complex 
consisting  of  anterior,  very  strong,  pro- 
tuberant, deltoid,  bifid  cardinal  tooth  with 
subequal  lobes,  and  of  posterior  elongate, 
thin,  laminate  tooth  adpressed  to  base  of 
nymphal  callosity;  anterior  lateral  tooth 
closer  to  cardinal  complex  than  posterior, 
consisting  of  generalized  thickening  of 
hinge  line;  posterior  tooth  at  posterior  end 
of  hinge  plate,  and  escutcheon,  thickened 
and  bluntly  pointed.  In  right  valve,  car- 
dinal complex  consisting  of  posterior  nar- 
row bifid  tooth  with  equal  lobes  and  of 
anterior  subdeltoid  tooth;  anterior  and 
posterior  lateral  teeth  strong,  tliin,  laminate, 
pointed,  slightly  upcurled,  and  socketed 
above;  anterior  tooth  closer  to  cardinal 
complex. 

Muscle  scars  moderately  well  impressed. 
Anterior  adductor  muscle  scar  subsemi- 
lunate,  rounded  ventrally,  with  dorsal 
extension  representing  anterior  pedal  re- 
tractor scar;  posterior  adductor  muscle 
scar  rounded  to  subquadrate,  with  ventral 
digitiform  extension.  Pallial  sinus  more  or 
less  equal  in  opposite  valves,  rising  gently 
posteriorly,  irregularly  convex  above,  fall- 
ing in  smoothly  rounded  convex  arcuation 
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anteriorly,  paralleling  pallial  sinus  for  some 
distance  before  becoming  confluent  with 
it;  confluence  approximately  1/2  of  total 
ventral  length  of  pallial  line;  anteriormost 
extension  of  pallial  sinus  close  to  but  not 
confluent  with  anterior  adductor  muscle 
scar.  Cruciform  muscle  scars  rounded, 
usually  conspicuous,  large  and  closely  juxta- 
posed. Externally,  shell  basically  white 
with  some  suffusions  of  yellow  umbonally; 
internally  white,  sometimes  with  consider- 
able concentrations  of  yellow;  rarely  apricot 
or  pinkish. 


Length   Height  Width 

mm  mm  mm 

72.0     64.0  25.0 

67.4     52.2  25.5 


Inhaca,   Mozambique 
Pukoo,     Molokai,     Hawaiian 

Ids. 
65.9     52.5       —         Tanapag     Harbor,      Saipan, 

Mariana  Ids. 

46.4  34.9      15.0        Onotoa  Atoll,  Gilbert  Ids. 

45.5  34.8      16.2         Bweju,  Zanzibar 

33.6  24.7  11.3  Bweju,  Zanzibar 
22.8  17.1  08.2  Bweju,  Zanzibar 
09.6     07.6     03.5        Bweju,  Zanzibar 

Remarks.  TcIUno  palatatn  is  primarily 
characterized  by  its  peculiar  undulate 
sculpture,  which  causes  the  surface  of  the 
valves  to  be  roughened  and  sometimes 
rasplike.  In  this  regard  it  may  be  compared 
to  T.  scohinata  Linnaeus,  which  is  clearly 
arcopagoid  and  disc-shaped;  the  sculpture 
in  scohinata  is  formed  by  small  semicircular 
flanges,  its  surface  being  more  strongly 
rasplike  than  that  of  T.  paJatam.  Likewise, 
the  complex  in  Tcllinclla  represented  by 
such  species  as  T.  rastcUtim  (q.v.)  has 
rasplike  sculpture,  but  it  is  not  uniquely 
undulate.  T.  linguafelis  Linnaeus  is  a 
closer  relative  with  a  similar  but  not  as 
strong  sculpture.  Further,  it  is  of  slightly 
lower  proportions  and  is  not  as  inflated  as 
T.  palatam.  It  also  is  rayed,  and  its  umbo 
is  usually  colored  reddi.sh. 

In  T.  palatam  there  is  some  variation  in 
the  strength  of  the  sculpture  and  in  the 
degree  of  undulation.  But  the  shape  of  the 
shell,  particularly  the  extent  of  pointedness 
of  the  posterior  slope,  is  much  more  vari- 
able. Some  specimens  are  very  much 
rounded    or    shortened    behind,    whereas 


others  are  more  distinctly  pointed  and  sub- 
trigonal  in  outline.  The  species  is  noticeably 
inequivalve,  with  the  right  valve  more  con- 
vex, larger,  and  slightly  overlapping  the 
left.  The  usual  basic  color  pattern  is  an 
internal,  centrally  concentrated,  suffusion 
of  yellow.  Very  infrequently,  valves  may 
have  pink,  orange,  or  apricot  suffusions. 

An  allometric  growth  pattern  is  evident 
in  the  ontogeny  of  the  species  and  has  been 
graphically  illustrated  by  Rost  and  Soot- 
Ryen  ( 1955 ) .  Smaller  individuals  tend  to 
be  higher  and  more  subquadrate  than 
larger  ones. 

Range.  T.  palatam  is  a  relatively  common, 
widely  distributed  Indo-Pacific  species.  It 
is  found  along  the  East  African  coast  south 
to  Durban,  throughout  the  Indian  Ocean, 
Indonesia,  the  Philippine  Islands,  north  to 
Mogi,  Japan,  east  to  the  Hawaiian  Islands 
in  the  north  and  to  the  Tuamotus  in  the 
south.  The  species  lives  in  rather  shallow 
water  in  coarse  substrates.  It  has  been 
found  in  the  Pleistocene  of  French  Somalia 
(Abrard,  1942),  and  Skarlato  (1965)  pre- 
sented a  map  of  its  range. 

Specimens  examined.  REPUBLIC  OF 
SOUTH  AFRICA:  Durban  Bay  (NM); 
Natal  (DM;  NM).  MOZAMBIQUE:  Inhaca 
(Boshoff).  TANZANIA:  Dar-es-Salaam 
(ANSP;  BMNH;  USNM);  Mboa  Maji,  9 
mi.  S  of  Dar-es-Salaam  ( USNM  ) ;  Leopard's 
Cove  at  Msasani  (MCZ);  1.5  mi.  NW  of 
Magogoni  (MCZ);  fringe  rock  and  sand, 
in  0-5  ft.  (1.5  m),  Dembiani,  2  mi.  N  of 
Kizimkazi,  Zanzibar  (ANSP;  MCZ);  Ki- 
wengwa,  18  mi.  N  of  Chwaka,  Zanzi- 
bar (USNM);  Bweju,  Zanzibar  (USNM); 
Mbweni,  4  mi.  S  of  Zanzibar  City 
(USNM);  Uroa,  Zanzibar  (USNM);  sand 
and  reef,  in  0-10  ft.  (3  m),  1  mi.  N  of 
Paje,  Zanzibar  (ANSP);  Kijangwami,  Zan- 
zibar ( USNM ) ;  sand,  grass  and  coral 
rock,  in  0—4  ft.  (1.2  m),  Chwaka, 
Zanzibar  (ANSP).  KENYA:  Mombasa  Id. 
(ANSP);  Malindi,  76  mi.  N  of  Mom- 
basa (USNM).  FRENCH  SOMALILAND: 
Djibouti  (ANSP).  RED  SEA:  (BMNH; 
MCZ).     ETHIOPIA:      Massawa,     Eritrea 
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(MCZ).  SUDAN:  Port  Sudan  (ANSP). 
ISRAEL:  Akaba  (MCZ).  ADEN  PRO- 
TECTORATE: Aden  (BMNH).  MADA- 
GASCAR: W  of  Sangeritela,  9  mi.  NNW 
of  Tulear  (MCZ);  Faty  (Ifatz),  13  mi. 
N  of  Tulear  (MCZ);  shallows  of  beach, 
W  of  Marosoroka,  2.5  mi.  N  of  Ambodi- 
fototra,  He  Ste.  Marie  (MCZ);  Nossi  Be 
(MCZ);  in  0-12  ft.  (3.7  m),  sand,  grass, 
rock,  coral,  inside  crater,  Pte.  du  Cratere, 
SW  Nossi  Be  (dead)  (ANSP);  0^10  ft. 
(3  m),  muddv,  sand  ledge,  rock,  coral,  W 
of  Pte.  de  Tafondro,  SE  Nossi  Be  (ANSP); 
0-8  ft.  (2.4  m),  sand,  rock,  coral,  Nosv 
Tanikelv,  4  mi.  S  of  Nossi  Be  (ANSP). 
SEYCHELLES  IDS.:  (BMNH;  MCZ); 
NW  Bav,  Mahe  (BMNH).  MAURITIUS: 
(MCZ);  0-10  ft.  (3  m),  sand,  weed,  rock 
and  coral.  Flic  en  Flacq  (ANSP);  Pt. 
d'Espy  (ANSP);  near  Port  Louis  (MCZ); 
0-12  ft.  (3.7  m),  sand  flat,  fine  grass, 
sponge,  Jerome  Pt.,  1  mi.  SE  Mahebourg 
(ANSP);  0-4  ft.  (1.2  m),  sand  and  weed, 
around  rock  point,  1/4  mi.  SW  Cap 
Malheureux  (ANSP).  MALDIVE  IDS.: 
150-210  ft.  (32-64  m),  E  of  Kohit  Lowala- 
furi,  NW  of  Maduwarils,  Fadiffolu  Atoll 
(ANSP);  NW  tip  of  Can,  Addu  Atoll 
(ANSP).  NICOBAR  IDS.:  (BMNH). 
COCOS-KEELING  IDS.:  1-2  ft.  (0.3-0.6 
m),  Thalassia,  mixed  CauJcrpa  and  some 
corallines,  few  dead  corals,  lagoon,  E  side 
S  end  of  West  Id.  (ANSP).  THAILAND: 
coral  reef  and  sand  lagoon,  Aokam,  S  end 
of  Phuket  Id.  (ANSP);  sand,  live  coral, 
basalt  shore,  Laam  Phan  Wa,  Phuket 
Id.  (ANSP);  Kok  Tao,  Gulf  of  Siam 
(USNM).  INDONESIA:  Bay  of  Batavia, 
Java  (USNM);  Tjiperwagaran,  Bantam, 
Java  (USNM);  Keleditan,  Bantam,  Java 
(USNM);  Oedjoeng  Genteng,  SW  Java 
(MCZ);  Koeta  Beach,  BaH  (MCZ);  Biak 
Id.,  Schouten  Ids.  (USNM);  Aitape,  New 
Guinea  (MCZ).  CHINA:  Sanya,  Hainan 
(ANSP).  JAPAN:  Mogi  (USNM);  Ryukyu 
Ids.  (ANSP;  BMNH;  MCZ;  USNM); 
Homan,  Okinawa  (ANSP);  Shioyas,  Ska- 
nawan  Bay,  Okinawa  (USNM);  Abu, 
Okinawa  (USNM);  beach  at  Kanna,  Oki- 


nawa (MCZ).  PHILIPPINE  IDS.:  shore 
reef.  Cape  Santiago,  Batangas,  Luzon 
(ANSP);  Masinloe  Bay,  Zambales,  Luzon 
(USNM);  Barrio-Lupi,  Prieto  Diaz,  Sor- 
sogon,  Luzon  (ANSP);  E  coast  of  Polillo 
Id.  (USNM);  Gigmoto,  Catanduanes  Id. 
(ANSP);  Lubang  Id.  (USNM);  Malug, 
Lubang  (MCZ);  Tilic  Beach,  Lubang 
( MCZ ) ;  Cabila,  Barrio  of  Tagbac,  Lubang 
(MCZ);  Calapan,  Mindoro  (MCZ);  Cabra 
Id.  (MCZ);  Busuanga,  Calamian  Group 
(USNM);  Palawan  (MCZ);  Cuyo  Cuyo 
Group  (MCZ);  Cagavancillo  (USNM); 
Loran  Id.,  Ubian  (USNM);  Tataan  Id., 
Tawi  Tawi  Group  (USNM);  Bongao 
Channel,  SW  end  Sanga  Sanga  Id.,  Sulu 
Archipelago  (ANSP);  Negros  (USNM); 
Cebu  City,  Cebu  (ANSP);  Mantacao  Id., 
Bohol  (USNM;  Zamboanga,  Mindanao 
(ANSP);  Little  Santa  Cruz  Id.  (USNM); 
Lianga  Bay,  Mindanao  (USNM);  Basi- 
lan  (USNM).  AUSTRALIA:  Dunk  Id., 
Queensland  (ANSP);  Innaminca  Point, 
Queensland  (ANSP).  PALAU  IDS.:  Kay- 
angel  Id.,  Kayangel  Atoll  (USNM).  MARI- 
ANA IDS.:  Unai  Fanunchuluyan,  Saipan 
( USNM  ) ;  Tanapag  Harbor,  Saipan  ( ANSP; 
USNM);  Chalan,  Kanoa,  Saipan  (MCZ); 
Agana  Bay,  Guam  (ANSP);  Apra  Harbor, 
Guam  (ANSP);  Piti  Bay,  Guam  (MCZ); 
Merizo,  Guam  (MCZ).  CAROLINE  IDS.: 
Ulithi  (USNM);  Yin,  Yap  (USNM);  Tomil 
Harbor,  Yap;  Balabat,  Yap  (tide  flats) 
(USNM);  Ponape  (ANSP).  MARSHALL 
IDS.:  Wotho  Id.,  Wotho  Atoll  (USNM); 
Lea  Atoll  (USNxM).  GILBERT  IDS.:  Ma- 
kin  Id.  (USNM);  Onotoa  Atoll  (MCZ); 
S  50  \V  from  Tekawa  Church,  at  seaward 
edge  of  Aonte  Baba  reef,  Onotoe  Atoll 
(USNM);  Apaiang  (MCZ).  BISMARCK 
ARCHIPELAGO:  Kumbun  Id.,  SW  New 
Britain  Id.  (ANSP).  NEW  CALEDO- 
NIA: (BMNH;  MCZ;  USNM);  Tonghoue, 
45  mi.  N.  of  Noumea  (ANSP);  Bourail 
(ANSP);  Gatope  Id.,  Voh  (ANSP);  Koe 
Reef,  2  mi.  SSE  Touho  (ANSP).  FIJI 
IDS.:  (BMNH);  between  Port  Ellington 
and  Korokala,  NE  Viti  Levu  (USNM); 
near  Port  Ellington  Wharf,  Point  Ellington, 
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5  mi.  E  of  Rakiraki,  NE  Viti  Levu  (MCZ); 
Fring  Reef,  Lorolevu,  Viti  Levu  (ANSP); 
Suva,  Viti  Levu  (USNM);  Nandronga, 
Viti  Levu  (USNM);  Mbenga  (MCZ); 
shore  reef,  1/2  mi.  N  of  Tunuloa,  Vanua 
Levu  (MCZ);  Thithia  Id.,  Lau  Group 
(USNM);  Mothe  Id.,  Lau  Group  (USNM). 
SAMOA  IDS.:  (USNM);  Upolu  Id. 
(ANSP;  MCZ;  USNM);  Massacre  Bav, 
Tutuila  Id.  (MCZ;  USNM).  COOK  IDS.: 
E  side  of  Akitua,  NE  Aitutaki  (ANSP); 
W  side  Akitua,  NE  Aitutaki,  in  0-2  ft. 
(MCZ);  N  Puapuautu,  SW  of  Motutua 
Id.,  NW  Rarotonga  (ANSP);  Mangaia 
(USNM).  SOCIETY  IDS.:  Faanui,  Bora- 
bora  (ANSP);  Bora  Bora  (ANSP);  Raiatea 
(ANSP);  Huahine  Id.  (ANSP);  Tahiti 
(MCZ;  USNM);  Atiue,  Punaauia,  Tahiti 
(ANSP);  Tupai  Id.,  Motu-iti,  Austral  Ids. 
(ANSP);  Opara  (Rapa)  (ANSP).  TUA- 
MOTU  ARCHIPELAGO:  Maranguai  Islet, 
Toau  Atoll  (ANSP).  HAWAIIAN  IDS.: 
Hilo  Bay  (MCZ);  Keokea  Bay  (USNM); 
Kainalu,  Molokai  Id.  (ANSP);  Kapulei, 
Molokai  Id.  (ANSP);  Pukoo,  Molokai 
(USNM);  Honolulu,  Oahu  (ANSP);  Wai- 
kiki,  Oahu  (ANSP);  Pearl  Harbor  (fossil) 
(USNM);  Hospital  Point  Beach,  Pearl 
Harbor  (USNM);  Ford's  Id.,  Pearl  Harbor 
(ANSP);  1.8  mi.  E  of  Pearl  City  Road 
(ANSP;  MCZ);  Mokuoloe  Id.,  Kaneohe 
Bay  (ANSP);  Makapu  Peninsula,  Kaneohe 
Bay  (MCZ;  USNM);  E  of  Aiea  station 
(ANSP);  Hoaeae  (ANSP);  Heeia  Pond 
(fossil)  (USNM);  Kewalo  Reef  (MCZ; 
USNM);  Sanikai  (USNM);  1/2  mi.  W  of 
Waipahaehoe  station  (ANSP);  NW  corner 
Weh  Pond  (fossil)  (USNM);  Kilauea 
Beach,  Kauai  Id.   (ANSP). 

Subgenus  Serratina   Pallary 

Pristls  Lamy  1918,  Bull.  Mus.  Hist.  Nat.  Paris, 
24:  29  (type-species,  Tellina  pristls  Lamarck  1818, 
original  designation),  non  Linck  1790,  Latham 
1794,  Miiller  and  Henle  1837  (Pisces),  nee 
Brulle  1846   (Insecta). 

Serratina  Pallary  1922,  Exploration  scientifique 
du  Maroc,  Malacologie  (1912),  p.  95  (t\'pe- 
species,  Tellina  serrata  [Renier  MS]  Brocchi  1814, 
original   designation ) . 

Striotellina   Thiele    1935,   Handbuch   der   svste- 


matischen    Weichtierkunde,    vol.    2,    pt.    3:     917 
(type-species,  Tellina  serrata  Renier  1804,^  mono- 

typy). 

Pistris  Thiele  1935,  Handbuch  der  systematischen 
Weichtierkunde,  vol.  2,  pt.  3:  917,  new  name  for 
Pristis  (Jousseaume  MS)  Lamv  1918,  non  Linck 
1790,  Latham  1794,  Miiller  '  and  Henle  1837 
(Pisces)  uec  Brulle  1846  (Insecta). 

Pristipagia  Iredale  1936,  Rec.  Aust.  Mus.,  19 
(5):  281  (type-species,  Pristipagia  gemonia  Ire- 
dale   1936,  here  designated).' 

LyratcIIina  Olsson  1961,  Panamic-Pacific  Pele- 
cypoda,  p.  383  ( t\'pe-species,  Tellina  lyra  Hanley 
1844,    original   designation). 

Description.  Shell  of  small  to  medium 
size,  somewhat  compressed,  subovate  to 
subquadrate  in  shape,  nearly  equivalve, 
and  more  or  less  equilateral.  Umbos  rather 
centrally  placed.  Sculpture  predominately 
concentric,  consisting  of  more  or  less  closely 
and  regularly  spaced  lirations,  sometimes 
sublamellate  in  immature  stages.  Dentition 
well  developed,  with  anterior  and  posterior 
lateral  teeth  more  or  less  equidistant  from 
cardinal  complex.  Pallial  sinus  larger,  ex- 
tensive, rounded  anteriorlv,  sometimes  co- 
extensive  with  anterior  adductor  muscle 
scar  or  rarely  paralleling  pallial  line  and 
confluent  posteriorly.  Color  predominately 
white  or  dull  grey. 

Remarks.  This  group  is  typified  by  hav- 
ing rather  solid,  whitish  or  grayish  shells 
that  tend  to  be  irregularly  subquadrate  in 
shape  and  that  have  a  predominately  con- 
centric sculpture  consisting  of  more  or  less 
regularly  spaced,  incised  sulcations  that 
may  be  sublamellate  posteriorly.  The 
pallial  sinus  is  generally  extensive  and 
broadlv    rounded    anteriorlv    or,    in    some 


^  The  "Ta\'ola  alfabetica  delle  Conchiglie  Adri- 
atiche"  of  Renier  (1804)  was  suppressed  by  the 
ICZN  (Opinion  316);  the  next  available  usage  of 
T.  serrata  was  by  Brocchi  (1814). 

-  The  slovenly  work  of  Iredale!  In  establishing 
this  'genus,'  he  ( 1 )  does  not  designate  a  t>'pe- 
species,  ( 2 )  implies  a  renaming  of  Pristis  ( Jous- 
seaume MS )  Lamy,  and  ( 3 )  mentions  capsoides 
Lamarck,  hotanica  Hedley,  and  gemonia  Iredale. 
In  Iredale  and  McMichael  (1962),  the  latter  is 
taken  as  the  t>pe-species  by  original  designation; 
it  is  herein  correctly  and  subsequently  designated 
as  t>'pe-species. 
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cases,  coextensive  wath  the  anterior  adduc- 
tor muscle  scar.  The  right  lateral  dentition 
is  developed,  and  the  anterior  and  posterior 
lateral  teeth  are  more  or  less  equidistant 
from  the  cardinal  complex. 

T.  serrata  represents  the  group  in  the 
eastern  Atlantic,  T.  acquisfriafa  in  the 
western  Atlantic,  T.  alcrta  in  the  southern 
Atlantic,  T.  reclusa  in  the  eastern  Pacific, 
and  T.  capsoides  in  the  Indo-Pacific.  The 
group  is  closely  related  to  Quadrans  Bertin, 
which  differs  in  its  smooth  surface  and 
peculiarly  differentiated  subspinose  pos- 
terior lamellations. 

I  had  earlier  (Boss  1966b)  placed  T. 
aequistriata  and  T.  alerta,  here  considered 
in  Serratina,  in  Merisca  Dall  1900  with  T. 
crystalUna  Wood  1815  (=  T.  cristaUina 
Spengler  1798)  as  t>"pe-species.  Tliis  thin 
fragile  species  (with  a  rostrate  posterior 
outUne  and  a  right  anterior  lateral  tooth 
subproximal  to  the  cardinal  complex), 
along  with  the  eastern  Pacific  T.  rhijn- 
choscuta  Olsson  and  the  Indo-Pacific  T. 
maiicnsi  L>Tige,  may  be  considered  as 
forming  a  rather  distinct  lineage  related 
to,  but  not  consubgeneric  with,  the  Ser- 
ratina group. 

I  have,  however,  included  LtjrateUina 
Olsson  in  this  synonyTny,  which  thereby 
brings  such  species  as  T.  martinicensis 
d'Orbigny,  T.  juttingae  Altena,  T.  procUvis 
Hertlein  and  Strong,  and  T.  lyra  Hanley 
into  the  fold  of  Serratina.  The  sole  dis- 
tinguishing character  of  Lijratcllina,  the 
prosogyrous  proclivity  of  the  umbos,  is 
really  not  a  constant  trait,  and  the  species 
exhibit  a  variation  through  the  prosogy- 
rate,  orthogyrate,  and  opisthogyrate  con- 
ditions. 

Tellina  (Serratina)  capsoides  Lamarck 
Plate  6,  figure  4;  Plate  8,  figures  5,  6; 
Plate  14,  figure  3. 

Tellina  capsoides  Lamarck  1818,  Anim.  sans 
Vert.,  5:  531  (type-locality,  a  Tile  St.  Pierre-St.- 
Francois^;    types,    MNHNP   [see    Bertin,    1878]); 


Hanley  1847  [m]  Sowerby,  Thes.  Conch.,  vol.  1, 
TclUtm,  p.  268,  pi.  62,  fig.  185. 

Tellina  pristis  Lamarck  1818,  Anim.  sans  Vert., 
5:  531  (type-locality,  I'Ocean  Indien;  types, 
MNHNP  [see  Bertin,  1878];  refers  to  Bruguiere, 
1798,  Encycl,  Method.,  pi.  287,  figs,  la,  b). 

Tellina  lima  Philippi  1847,  Zeitschr.  Malako- 
zool.,  4:  74  (type-locality,  China,  insula  Basilan; 
holotype,  ?). 

Tellina  (Arcopagia)  concentrica  Gould  1850, 
Proc.  Boston  Soc.  Nat.  Hist.,  3:  253  (type-locality, 
Feejee  [Fiji]  Islands;  types,  unknown  [see  John- 
son, 1964]);  1852,  U.  S.  E.xploring  Exped.,  12: 
404,  pi.  36,  fig.  519  a-b;  1862,  Otia  Conch.,  p.  80. 

Tellina  diaphana  Deshayes  1854,  Proc.  Zool. 
Soc.  London  [1855]  pt.  22,  no.  282:  364  (type- 
locality,  Japan;  syntypes,  BMNH,  unnumliered). 

Tellina  denticulata  Deshayes  1854,  Proc.  Zool. 
Soc.  London  [1855]  pt.  22, 'no.  282:  365  (type- 
locality  not  given;  syntypes,  BMNH,  unnum- 
bered ) . 

Tellina  (Areopagia  [sic])  siamensis  von  Mar- 
tens 1860,  Proc.  Zool.  Soc.  London,  pt.  28  [1]:  18 
(type-locality,  Siam;  syntypes,  BMNH  59.5.23.5). 

Tellina  negrosiensis  Bertin  1878,  Nouv.  Arch. 
Mus.  Hist.  Nat.  Paris,  2  Ser.,  1:  250,  pi.  8,  figs. 
6a-b  (lype-locahty,  iles  Negros  [Philippine  Islands]; 
syntypes,  MNHNP). 

Tellina  (Tellinclla)  thymares  Melvill  1896, 
Proc.  Malac.  Soc.  London,  2:  116,  pi.  8,  fig. 
9  (type-locality,  Bombay;  holotype,  BMNH 
96.10.162). 

Tellina  (Merisca)  pristiformis  Pilsbry  1901, 
Proc.  Acad.  Nat.  Sci.  Philadelphia,  53:  400,  pi. 
19,  fig.  8  (type-locality.  Inland  Sea,  Japan; 
syntypes,  ANSP  71029). 

Pristis  audouini  (Jousseaume  MS)  Lamy  1918, 
Bull.  Mus.  Natl.  Hist.  Nat.  Paris,  24:  30  (type- 
locality,  Suez;  types,  MNHNP;  refers  to  Savigny, 
1817,  pi.  8,  fig.  11,  1-3)  (see  Audouin,  1827; 
Pallary,    1926). 

Tellina  (Pristis)  pristis  major  Lamy  1918,  Bull. 
Mus.  Natl.  Hist.  Nat.  Paris,  24:  30  (type-locality, 
Suez;  types,  MNHNP). 

Description.  Shell  extending  to  59  mm 
in  length  and  to  47  mm  in  height,  subovate 
to    subtrigonal,    nearly    equilateral-    nearly 


^  No  author  has  pin-pointed  this  locality.    There 
is  a  St.  Peter's  Island  near  the  St.  Francis  Island 


Group  of  the  Nuyts  or  Moyts  Archipelago  off 
South  Australia  (32°17'S;  133°35'  E),  and  since 
it  is  known  that  Peron  and  Lesueur  collected  along 
this  coast  (Peron  and  Lesueur,  1816)  and  that 
the  type-specimens  of  capsoides  were  collected  by 
them  (Bertin,  1878,  p.  250),  it  is  possible  that  this 
locality  is  the  one  meant  by  Lamarck.  However, 
T.  capsoides  does  not  occur  in  South  Australia 
(Cotton  and  Godfrey,  1838),  and  it  is  presently 
assumed  that  the  original  locality  is  incorrect. 
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equivalve,  solid,  moderately  inflated,  with 
right  vaKe  slightly  more  convex  and  with 
weak  flexure  to  right  posteriorly.  Umbo 
subcentral,  sometimes  slightly  behind  mid- 
dle, somewhat  oblate  and  pointed.  Anterior 
margin  broadly,  smoothly,  and  convex!}- 
rounded;  ventral  margin  con\'ex,  rising 
arcuately  behind;  anterior  dorsal  margin 
straight  to  slightly  concave,  short  and 
gentl\-  descending;  posterior  dorsal  margin 
longer,  more  steeply  descending,  and 
weakh'  convex;  posterior  margin  short,  bi- 
angulate,  more  or  less  straight,  and  forming 
blunt  dorsoventral  truncation,  sculpture 
various,  with  concentric  lirations  (usuall\- 
2-4  per  mm )  and,  in  immature  specimens, 
becoming  lamellate  and  subspinose  along 
anterior  and  posterior  dorsal  margins. 
Radial  sculpture  usually  weak  and  incip- 
ient, rarely  strong,  rather  regularly  and 
finely  spaced,  most  noticeable  in  inter- 
spaces or  sulci  between  lirations,  and  form- 
ing microscopic  cancellate  pattern.  Double 
posterior  ridge  with  shallow  sulcus  in  right 
valve,  weaker  in  left  valve. 

Ligament  dark  brown  to  black,  strong, 
elongate,  slightly  protuberant,  set  in  elon- 
gate, lanceolate  escutcheon;  lunule  lanceo- 
late, generally  impressed  and  sunken, 
somewhat  more  extensive  in  right  valve. 
Calcareous  portion  of  ligament  well  de- 
veloped and  subtended  by  slightly  raised 
nymphal  callosities.  Hinge  line  strongly 
developed  and  thickened.  In  left  valve, 
cardinal  complex  consisting  of  anterior, 
rather  thin,  deeply  cleft  bifid  tooth  with 
subequal  lobes,  and  of  posterior  elongate, 
variously  developed,  laminate  cardinal 
tooth;  lateral  teeth  consisting  of  slighth' 
pointed  thickenings  of  hinge  line,  posterior 
somewhat  weaker  and  somewhat  more 
distally  removed  from  cardinal  complex. 
In  right  valve,  cardinal  complex  consisting 
of  posterior,  strong,  protuberant,  subdeltoid, 
deeply  cleft  bifid  tooth  with  elongate  lobes, 
and  of  anterior,  oblique,  strong,  laminate 
tooth;  lateral  teeth  strong,  bluntly  pointed, 
and  socketed  above;  posterior  lateral  more 
distally  removed  from  cardinal  complex. 


Muscle  scars  moderately  well  impressed. 
Anterior  adductor  muscle  scar  irregularly 
semilunate  and  large;  posterior  adductor 
scar  small,  rounded  to  subquadrate  and 
with  ventral  digitiform  extension.  Pallial 
sinus  more  or  less  equal  in  opposite  valves, 
rising  sharply  from  posterior  adductor 
muscle  scar,  arcuately  or  slightly  pointed 
above,  descending  normally  in  front,  paral- 
leling pallial  line  for  some  distance  before 
becoming  confluent  with  it;  confluence  1/4 
to  1/3  length  of  pallial  line.  Cruciform 
muscle  scars  closely  juxtaposed;  anterior 
scar  flattened  and  larger.  Color  basically 
dull  or  powder\-  white;  rarely,  extremely 
pale  yellowish  suffusions  externally,  as 
well  as  dehiscent  grayish  periostracum; 
rarely,  faint  pinkish  suffusion  along  hinge 
posteriorly. 


Length 

Height 

Width 

mm 

mm 

mm 

58.0 

46.4 

22.4 

Durban 

56.7 

46.1 

19.6 

Congella 

49.0 

35.0 

15.3 

Enoshima,  lapan 

43.9 

33.0 

15.0 

Manila,   Luzon,  P.   I. 

32.9 

25.2 

11.5 

Enoshima,  Japan 

32.2 

26.1 

10.9 

Dar-es-Salaani,  Tanzania 

28.3 

20.4 

07.9 

Aden 

17.1 

12.7 

04.4 

Durban 

Remarks.  T.  capsoidcs  is  an  extremely 
variable  species,  which  accounts  in  part 
for  the  numerous  synonyms.  As  variable  as 
it  is,  the  species  is  always  recognized  by 
the  presence  of  its  regular  concentric 
sculpture  and  the  strong  development  of 
its  right  lateral  teeth,  as  well  as  the  digiti- 
form process  extending  ventrally  from  the 
posterior  adductor  muscle  scar.  Radial 
sculpture  is  usually  evident  in  all  speci- 
mens, but  in  some  it  becomes  noticeably 
stronger;  Berlin's  negrosiemis  is  based  on 
this  variation.  The  exact  proportions  of  the 
valves  that  determine  the  shape  or  outline 
of  the  shell  are  also  variable,  some  indi- 
viduals being  less  rounded  than  the  East 
African  populations.  In  Japanese  popu- 
lations that  have  been  referred  to  diaphana, 
the  concentric  sculpture  is  rather  weak  on 
the  anterior  dorsal  portions  of  the  disc, 
and  the   incidence   of   individuals   with   a 
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slightK-  subtrigonal  shape  is  greater.  Mel- 
vill's  thijmares  appears  to  have  been 
founded  on  sp(>cimcns  of  capsoides  that 
were  not  as  sohd  or  thick!)'  shelled  as 
usual. 

There  is  an  ontogenetic  difference  in  the 
placement  and  configuration  of  the  pallial 
sinus.  In  young  individuals  the  pallial  sinus 
is  smoothly  and  regularly  rounded  anteri- 
orh-  and  is  distinctly  separated  from  the 
anterior  adductor  muscle.  In  larger  or 
adult  specimens  the  anterior  adductor 
muscle  scar  is  larger  and  the  pallial  sinus 
more  extensive.  The  pallial  sinus  in  adults 
is,  therefore,  very  closely  juxtaposed  or 
contiguous  with  the  anterior  adductor 
muscle  scar,  and  its  more  or  less  regularly 
convex  arcuation  becomes  irregular  and 
slightly  displaced. 

Krauss  ( 184S )  noted  the  occurrence  of 
this  species  on  the  Natal  coast.  In  Mozam- 
bique it  has  been  recorded  bv  Braga 
(1956),  Paes  da  Franca  (1966b)  and 
Boshoff  (1965).  The  species  has  a  tropical 
Indo-Pacific  form  that  comes  down  the  east 
coast  of  Africa  into  the  Durban  area,  which 
is  its  southernmost  range  extension.  How- 
ever, the  species  thrives  well  in  this  area. 
Day  and  Morgans  (1956)  found  that  it 
prefers  soft  substrates  of  sands  and  muds 
and  lives  in  the  intertidal  open  bay  and 
sanctuar\-  of  Durban,  while  Macnae  and 
Kalk  ( 1958 )  noted  that  it  occurs  in  the 
upper  and  lower  midlittoral  sands  of  In- 
haca.  Specimens  that  are  darkly  colored 
externally  often  come  from  soft  muddy 
substrates. 

A  close  relative  of  T.  capsoides  is  T. 
serrata  Brocchi  from  the  Mediterranean 
and  the  eastern  Atlantic  (Weinkauff, 
1867).  The  latter  is  of  slightly  different 
proportions,  being  somewhat  more  sub- 
trigonal  and  is  generally  smaller  in  size;  it 
tends  to  be  shorter  and  never  as  heavih' 
shelled  as  T.  capsoides.  The  concentric 
sculpture  of  serrata  is  somewhat  finer  and 
the  anterior  lateral  tooth  of  the  valve  is 
closer  to  the  cardinal  complex. 

Range.     TelJina    capsoides   is    an    Indo- 


Pacific  species  that  li\"es  along  the  east 
coast  of  Africa  as  far  south  as  Durban, 
throughout  the  Red  Sea  (Lamy,  1918; 
Moazzo,  1939),  the  Indian  Ocean,  the 
Philippine  Islands,  north  to  Hokkaido, 
Japan,  south  to  Queensland,  Australia,  and 
east  to  Vanua  Levu  in  the  Fiji  Islands. 
Biggs  and  Grantier  ( 1960 )  documented  its 
presence  in  the  Persian  Gulf. 

Specimens  examined.  REPUBLIC  OF 
SOUTH  AFRICA:  Durban  (NM;  SAM); 
Durban  Bav  (UCT;  USNM);  Congella 
(NM);  Natal  (BMNH).  MOZAMBIQUE: 
Morrumbene  Estuarv  (UCT);  Inhaca 
Id.  (MCZ).  TANZANIA:  Dar-es-Salaam 
(USNM);  Zanzibar  (MCZ);  Mazizini,  Zan- 
zibar (ANSP);  Mnazi  Moja,  Zanzibar 
City  (USNM).  ADEN  PROTECTORATE 
Aden  (BMNH;  USNM).  MADAGASCAR 
Faty  (Ifatz),  13  mi.  N  of  Tulear  (MCZ) 
Mangroves,  mud  flats  and  rocks,  Ambato- 
zavavy,  E  of  Nossi  Be;  0-2  ft.,  NW  Nossi 
Be  (both  ANSP);  Nossi  Be  (MCZ).  WEST 
PAKISTAN:  Mekran  Coast  (MCZ);  Baba 
Id.,  Karachi  (BMNH).  INDIA:  Bandra, 
N  of  Bombav  ( USNM  ) ;  Darwar,  N  Kanara 
(USNM);  Madras  (BMNH).  ANDAMAN 
IDS.:  (BMNH).  BURMA:  Akyab,  Ara- 
can  (BMNH).  MALAYSIA:  Singapore: 
(ANSP;  BMNH;  MCZ;  USNM);  sand 
bed  and  shallow  river,  Kranji,  Singapore 
(ANSP).  THAILAND:  sand  flats,  S  end 
Pa  Tong  Bay,  Phuket  Id.  (ANSP); 
intertidal  mud  flat,  Ang  Hiu,  Cholburi 
Province  (MCZ).  CHINA:  Tsi  Mei,  Amoy 
(ANSP);  Whampoa,  12  mi.  E  of  Can- 
ton (USNM);  Hong  Kong  (USNM) 
Haik'ou,  Kainan  (ANSP;  USNM).  JAPAN 
(BMNH;  MCZ);  Hokkaido  (USNM) 
Tokvo  (Jeddo)  Bay  (ANSP);  Yokohama 
(BMNH;  USNM);  Tosa  (ANSP);  Hi- 
rado.  Hizen  (ANSP;  USNM);  Enoshima 
(USNM);  Mogi  (USNM)  Otoshima,  Bit- 
chu  (ANSP;  MCZ;  USNM);  Satsuma 
(ANSP);  Inland  Sea  (ANSP;  MCZ); 
Rvukyu  Ids.  (USNM).  PHILIPPINE  IDS.: 
E  coast  of  Polillo  Id.  (USNM);  Manila, 
Luzon  (USNM);  Matabunkay  Cove.  14  km 
south   of  Nasugbu,   Manila   Bay    (ANSP); 
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Tilic  Bay.  Lubang  Id.  ( MCZ ) ;  Marinduque 
Id.  (U'SNM);  Batangas  Prov.,  Luzon 
( ANSP);  Oago,  4  km  north  of  Gubat,  Sorso- 
gon,  Luzon  (ANSP);  Calbayog,  Samar  Id. 
(MCZ);  near  Cebu  City,  Cebu  Id.  (ANSP; 
MCZ);  Negros  Id.  (USNM);  Bago  and  Mi- 
randa Beach,  Pontevedra,  Negros  (ANSP); 
Sinay,  Mindanao  (USNM);  Miramis  Beach, 
Mindanao  (USNM);  Basilan  (MCZ).  AUS- 
TRALIA: mud  and  reef,  1  mi.  SE  of  False 
Cape  Bossut,  La  Grange  Bay  (ANSP); 
Buccaneer  Rock,  Broome  (ANSP);  Quailso- 
land,  35  mi.  W  of  Dar\vin  (MCZ);  Darwin 
(MCZ);  Port  Essington,  Coburn  Penin- 
sula (BMNH);  Rockingham  Bay,  Queens- 
land (MCZ);  Hervev  Bav,  Queensland 
(BMNH);  Moreton  Bay  (MCZ).  NEW 
CALEDONIA:  (BMNH;  MCZ).  FIJI  IDS.: 
Suva,  Viti  Levu  (ANSP;  MCZ);  between 
Port  Ellington  and  Korokula,  NE  coast  of 
Viti  Levu  (USNM);  Buca  Bay,  Vanua 
Levu  (Moutha  Bay)    (MCZ). 

Subgenus  Pharaonella   Lamy 

FharaoncUa  Lamy  1918.  Bull.  Mus.  Xatl.  Hist. 
Nat.  Paris,  24:  .31  (type-species,  Tellina  pharaonis 
Hanley  1844,  by  virtual  tautonymy). 

Description.  Shell  of  medium  to  large 
size,  thin,  subovate  to  elongate,  posteriorly 
rostrate  and  slightly  flexed  to  right  pos- 
teriorly. Umbos  rather  small,  pointed, 
median  or  slightK"  posterior.  Smooth,  or 
sculpture  weakh'  developed.  Ligament 
short,  rather  weak,  not  too  protuberant, 
somewhat  inset.  Dentition  small  and  weak; 
anterior  and  posterior  lateral  teeth  de- 
veloped in  right  valve,  thin,  shelf-like  and 
pointed.  Pallial  sinus  moderately  large, 
rather  pointed  anteriorly,  low  dorsally, 
confluent  with  posterior  quarter  of  pallial 
line.  Color  white  to  deep  red,  variously 
banded  or  rayed. 

Remarks.  The  name  PJuiraonelh  was 
suggested  by  Jousseaume  in  an  unpubHshed 
manuscript  and  then  introduced  by  Lamy 
( 1918 ) .  The  group  was  not  critically  cir- 
cumscribed, but  it  has  been  used  at  the 
generic  level  (Dall,  Bartsch,  and  Rehder, 
1938).    Its  major  diagnostic  characteristics 


include  its  rostrate  posterior  outline  and 
its  colorful,  relatively  smooth,  thin  shell; 
the  right  valve  preserves  a  full  complement 
of  lateral  dental  elements.  Since  a  num- 
ber of  so-called  species  are  referable  to 
Pharoonello,  I  shall  deal  with  them  in  the 
remarks  and  synonymy  of  T.  perna. 

Pharaonella  is  related  to  LacioJina  Ire- 
dale,  a  group  wath  such  members  as  T. 
chloroleuca  Lamarck  and  T.  qiioiji  Sowerby 
from  the  Indio-Pacific,  T.  laevigata  Lin- 
naeus and  T.  magna  Spengler  from  the 
western  Atlantic,  and  T.  ochracea  Carpen- 
ter from  the  eastern  Pacific  (Boss,  1964). 
Laciolina  is  more  thickly  shelled,  usually 
rounded  in  outline  and  with  a  strong,  inset 
calcareous  ligamental  element.  Certain 
species  indicate  the  propinquity  of  the  lin- 
eages of  these  two  groups — so  much  so, 
that  at  times,  one  tends  to  doubt  their 
existence  as   distinct  subgenera. 

Tellina  (Pharaonella)  perna  Spengler 
Plate  8,  figures  1-4. 

Tellina  perna  Spengler  1798,  Skrivter  af  natur- 
historie  Selskabet,  K0benhavn,  4(2):  79  (type- 
locality,  Fra  Ostindien;  holot>'pe,  ex  museo  Molt- 
kiano,  PZoological  Museum,  Copenhagen;  refers 
to  Chemnitz  1782,  Conch. -Cab.,  \ol.  6:  112,  pi. 
11,  fig.  104  [here  selected  as  type-figure]). 

Tellina  pallescens  Dillwyn  1817,  Cat.  Shells,  1: 
84  (type  localit>-.  East  Indian  Seas;  refers  to 
Chemnitz  1782,  Conch.-Cab.,  vol.  6:  112,  pi.  11, 
fig.  104  [here  selected  as  type-figure]). 

Tellina  latirostra  Lamarck  1818,  Anim.  sans 
Vert.,  5:  52.3  (type-locality,  habite  .  .  .  les  mers 
de  I'lnde;  holotype,  MHXG). 

Tellina  sulphurea  Lamarck  1818,  Anim.  sans 
Vert.,  5:  523  (type-locality,  habite  I'Ocean  Indien 
.   .   .   ;  syntypes,   MHNG). 

Tellina  pharaonis  Hanley  1844  (Dec.)  Proc. 
Zool.  Soc.  London,  pt.  12,  no.  139:  148  (type- 
localitN-,  Red  Sea;  type.  Museum  Metcalfe  [not  in 
die  BMNH]);  1846  [in]  Sowerbv,  Thes.  Conch., 
1:  2.35,  pi.  63,  fig.  215. 

Tellina  venusta  Deshayes  1854,  Proc.  Zool.  Soc. 
London  [1855  (NLiy)],  pt.  22,  no.  282:  ,368  (type- 
locality.  Sandwich  Islands;  holot>pe,  BMNH). 

Tellina  semilaevis  von  Martens  1865,  Ann.  Mag. 
Nat.  Hist.,  (3)  16:  429  ( type-locaUty,  Querimba 
Islands,  near  Mossambique,  here  restricted;  holo- 
type,  PBerlin). 

Tellina  tenuiliraia  Sowerby  1868  (March)  [in] 
Reeve,  Conch.   Icon.,  vol.   17,  Tellina,  pi.  43,  fig. 
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253  ( t\pe-locality,  unknown;  Psyntypes,  BMNII 
77.5.12.'75),  7wn  tcnuilirata  Sowerby  1867  (Sept.), 
ibid.,  pi.  39,  fig.  219a-h. 

Tellina  tenuisulcata  Sowerby  1869  (April)  [/?ij 
Reeve,  Conch.  Icon.,  vol.  17,  Tellina,  Index,  p.  4, 
new  name  for  tcnuilirata  Sowerby  1S68  (March), 
ibid.,  pi.  43,  fig.  253,  non  temiilirata  Sowerby 
1867  (Sept.),  //);V/.,  pi.  39,  fig.  219  a-b. 

Tellina  Ijeadleianus  Tr\on  1869  (May),  Amer. 
Jour.  Conch.  [1868],  4  (suppl.):  82,  new  name 
for  T.  tentiilirata  Sowerby  1868,  7io/i  Sowerby 
1867. 

Description.  Shell  extending  in  length  to 
77  mm  and  in  height  to  33  mm,  subellipti- 
cal,  pointed  behind,  inequilateral,  equi- 
valved,  fragile  or  thin  in  immature  stages  to 
subsolid  as  adults.  Valves  only  slightly  in- 
flated, of  more  or  less  equal  convexity,  and 
with  a  sharp  flexure  to  the  right  posteriorly. 
Umbo  slightly  behind  middle,  little  ele- 
vated, pointed,  and  rather  inconspicuous. 
Anterior  margin  rather  narrowly  rounded; 
ventral  margin  broad  or  gently  convex, 
rising  behind  in  a  postbasal  arcuation;  an- 
terior dorsal  margin  gently  descending, 
elongate  and  nearly  straight;  posterior  dor- 
sal margin  gently  descending,  straight  to 
slightly  concave  and  elongate;  posterior 
margin  short,  bisected  by  posterior  sulcus, 
and  forming  blunt  oblique  posterior  trun- 
cation. Posterior  outline  of  valves  rostrate. 
Sculpture  consisting  of  weak  concentric 
lirations  (about  3-6  per  mm);  extremely 
fine  radial  vermiculations  usually  developed 
on  posterior  dorsal  slope  of  right  valve. 
Two  primary  posterior  ridges  in  right  valve 
generally  moderately  developed;  anterior- 
most  in  posterior  third  of  valve  radiating 
from  umbo  to  ventral  margin;  posterior- 
most  in  posterior  eighth  of  valve  radiating 
from  umbo  to  junction  of  posterior  margin 
and  ventral  margin.  In  left  valve,  ridges 
not  nearly  as  well  developed  as  in  right 
valve. 

Ligament  yellow  to  dark  brown  in  color, 
moderately  strong,  not  protuberant,  and 
set  in  narrowly  lanceolate  escutcheon; 
weak  semi-lanceolate  lunule  present  in  left 
valve;  calcareous  portion  of  ligament  well 
developed,  subtended  by  hinge  margin;  no 
developed  nymphal  callosities.    Hinge  Hne 


rather  moderately  developed.  In  left  valve, 
cardinal  complex  consisting  of  interior  sub- 
deltoid, bifid  tooth  with  subequal  lobes, 
and  of  posterior  elongate,  laminate  tooth, 
slightly  thickened  or  lost;  no  true  anterior 
lateral  tooth,  but  anterior  margin  slightly 
thickened  distally;  posterior  lateral  tooth 
distal,  consisting  of  weak,  slightly  pointed 
or  thickened  tubercle  at  posterior  end  of 
hinge  margin.  In  right  valve,  cardinal  com- 
plex consisting  of  posterior,  narrow,  bifid 
tooth  with  subequal  lobes  and  of  weakly 
subdeltoid  or  thickened  anterior  laminate 
tooth;  anterior  lateral  tooth  concave  or 
socketed  above,  slightly  upcurled,  and 
pointed;  posterior  lateral  tooth  socketed 
above,  weaker,  consisting  of  pointed,  shelf- 
like extension  of  hinge  margin.  No  true 
internal  rib,  but  in  right  valve,  posterior 
sulcus  forming  slightly  rib-like  structure 
internally. 

Muscle  scars  moderately  well  impressed. 
Anterior  adductor  muscle  scar  irregularly 
semilunate  and  rounded  below;  posterior 
adductor  muscle  scar  irregularly  rectangu- 
lar. Pallial  sinus  equal  in  both  valves, 
arising  from  the  base  of  the  posterior  ad- 
ductor muscle  scar  in  gentle  arcuation, 
rounded  or  somewhat  pointed  above,  gently 
descending  anteriorly,  forming  pointed 
arcuation  anteriorly,  and  united  with  pallial 
line  basally  for  at  least  one  half  of  its 
length.  Cruciform  muscle  scars  moderately 
well  impressed,  subequal  in  each  valve, 
strongest  in  right;  posterior  cruciform  scar 
in  right  valve  on  sulcal  rib.  Color  basically 
white;  yellow  suffusions  usual;  umbo  oc- 
casionally red;  infrequent  reds  and  pinks 
variously  distributed  in  bands  or  rays. 


Length 

Height 

Width 

mm 

mm 

mm 

76.2 

32.9 

11.8 

Midway 

Island 

66.3 

33.3 

14.7 

Durban 

53.0 

23.0 

08.5 

Natal 

37.8 

19.6 

07.4 

Java 

31.1 

13.3 

05.0 

Durban 

22.6 

11.4 

04.5 

Durban 

Remarks.  Tellina  pcrna  Spengler  ex- 
hibits considerable  variation  in  concho- 
logical    traits    and    has    a    very    extensive 
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Plate  8.  Figs.  1-4.  Teilina  [Pharaonella]  perna  Spengler:  Fig.  1,  external  view  of  the  right  valve,  showing  extreme  develop- 
ment of  concentric  lirations,  Durban,  NM  (length  =  45  mm);  Fig.  2,  internal  view  of  the  right  valve,  Durban,  NM  (length 
=  45  mm);  Fig.  3,  external  view  of  the  right  valve,  showing  normal  concentric  sculpture,  Durban,  A3655  (length  =  44.5  mm); 
Fig.  4,  external  view  of  the  right  valve,  showing  variation  in  height,  Durban  Bluff,  NM  1775  (length  =  20.5  mm).  Figs.  5 
and  6.  Te///no  [Serrafina]  copsoides  Lamarck,  young  individual,  Durban,  NM  3650  (length  =  17  mm):  Fig.  5,  internal  view 
of  the  right  valve;    Fig.  6,   external  view  of  the   left  valve. 


geographical  range.  The  species  is  highly 
variable,  with  certain  of  its  widely  dis- 
persed and  somewhat  isolated  populations 
posing  under  different  names;  hence,  the 
numerous  synonyms.  The  populations  which 
occur  in  the  north  central  Pacific  from  Mid- 
way through  Hawaii  have  been  separately 
treated  as  T.  venusta  Dcshaves  (Dall. 
Bartsch,  and  Rehder,  1938).  individuals 
from  this  area  are  usuallv  somewhat  larger 
than  typical  T.  pcma  from  the  central  por- 


tion of  the  range  and  often  possess  reddish 
radiations  on  the  beak.  Such  characters, 
for  example,  are  relatively  rare  in  popu- 
lations from  the  Philippines,  but  in  East 
Africa,  indi\iduals  with  reddish  umbonal 
rays  and  slightl}'  blunt  posterior  rostrations 
have  been  called  T.  semilacvis  von  Martens. 
Other  variations  that  have  been  named  in- 
clude specimens  with  bright  yellowish 
coloration,  T.  .s-ulphiirca  Lamarck,  those 
living  in  the  Red  Sea,  T.  pharaonis  Hanley, 
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and  those  with  shghtly  strengthened  sculp- 
ture ventral  to  the  posterior  rostration.  T. 
tenuisuJcata  Sowerb)'.  None  of  these  phcno- 
typic  variations  is  consistent  enough  to  be 
of  specific  significance,  and  when  large 
suites  of  specimens  from  all  over  the  Indo- 
Pacific  area  are  compared,  it  becomes 
evident  that  only  a  single  species  is  in- 
voKed. 

TcUimi  vuhcUa.  another  species  of  Pha- 
raonclla,  living  in  the  Philippines  and 
Japan,  is  thereby  partially  sympatric  with 
T.  pcrna  and  very  closely  related  to  it. 
Since  the  taxonom\'  of  T.  vulsella  has  been 
in  confusion,  I  include  its  synonymy: 

Tellina  vulsella  Hanley  1846  [in]  Sow- 
erby,  Thes.  Conch.,  1:  235,  pi.  61,  figs. 
162-163  (t>pe-locality,  Isle  of  Zebu 
[Philippme  Islands];  type,  BMNII  no 
number ) . 

Tellina  siebohlii  Deshayes  1854,  Proc. 
Zool.  Soc.  London  [1855  (May)],  pt.  22, 
no.  282:  368  (type-locality,  Japan; 
syntj-pes,  BMNH  no  number). 

Tellina  pevrieri  Bertin  1878,  Nouv. 
Arch.  Mus.,  Paris,  (2)  1:  255,  pi.  8, 
fig.  8a-b  (type-localitv,  Japan;  svntvpes, 
MNHNP). 

Tellina  consanguinea  Sowerby  1903, 
Ann.  Mag.  Nat.  Hist.,  (7)  12:  500  (type- 
localitv,  Hirado  Hijan,  Japan;  holotvpe, 
BMNH  1903.12.7.1). 

Since  the  T.  vulsella  of  Chemnitz  from 
the  first  edition  of  the  Conchylien-Cabinet 
is  not  available,  the  first  valid  introduction 
of  the  name  was  by  Hanley  (1846).  There 
is  no  doubt  that  this  nomcn  is  attached  to 
the  pharaonoid  species  of  Japan  and  the 
Philippines.  The  species  is  typically  red- 
dish or  flesh  colored;  it  does  not  attain  the 
size  of  T.  perna,  is  more  narrowly  elongate, 
and  has  a  more  pronounced  posterior  ros- 
tration and  greater  compression. 

The  variety  of  colors  found  in  T.  perna 
is  considerable.  Although  it  appears  that 
most  specimens  are  white  with  some  cen- 
tral suffusion  of  yellow,  other  individuals 


are  completely  permeated  with  lemon 
yellow.  Reds  and  pinks  are  also  frequenth' 
encountered,  and  occasionally  the  umbonal 
area  may  be  rayed  and  suffused  with  pink. 
Bands  of  weak  red  occur  much  less  fre- 
quently than  bright  rays,  which  extend 
from  the  umbo  to  the  distal  margins  of  the 
valves.  The  rays  tend  to  be  most  broad 
and  most  intense  posteriorly.  More  in- 
tensely banded  and  colored  specimens  are 
frequently  found  east  of  New  Guinea. 

The  sculpture  is  also  quite  variable,  as 
is  the  posterior  outline  of  the  shell.  Younger 
individuals  may  possess  fairly  strong  con- 
centric lirations,  which  are  usually  more 
distinct  in  the  right  valve.  Usually  larger 
individuals  are  quite  smooth,  though  some 
retain  vestiges  of  stronger  sculpture  in  the 
region  of  the  posterior  sulcus.  Specimens 
with  such  sculpture,  whose  ventral  margins 
are  indented  postbasally  and  are  therefore 
more  distinctly  rostrate,  have  been  called 
T.  tenuisuleafa  or  T.  pharaonis.  As  noted 
previously,  relatively  large  suites  of  speci- 
mens and  good  samples  of  the  population 
show  these  characters  to  be  inconstant. 

Range.  Tellina  pcrna  lives  from  Natal, 
South  Africa,  throughout  the  Indian  Ocean, 
Indonesia,  and  the  Philippines  to  Japan  in 
the  north,  Australia  in  the  south,  the 
Samoan  Islands  in  the  southeast  and  the 
Hawaiian  Islands  in  the  northeast.  It 
dwells  in  relatively  shallow  water  in  sandy 
substrates. 

Specimens  examined.  REPUBLIC  OF 
SOUTH  AFRICA:  Durban,  Natal  (BMNH; 
DM;  NM;  SAM;  USNM).  MOZAMBIQUE: 
Inhaca  (ANSP;  MCZ);  Santa  Carolina  Id., 
Bazarutto  Bay  (MCZ).  TANZANIA:  Zan- 
zibar (BMNH;  MCZ);  Bweju  (USNM); 
Chumbe  Id.,  in  0-6  ft.,  Mazizini,  in  mud 
and  grass,  Nguruwe  Id.,  in  5-11  fms.,  and 
Ukombi  Id.,  in  6-9  fms.,  all  Zanzibar  (all 
ANSP).  EGYPT:  Suez  (BMNH).  ADEN 
PROTECTORATE:  Aden  ( BMNH ) .  MAD- 
AGASCAR: (BMNH).  Anakao,  20.5  mi. 
S  of  Tulear  (MCZ);  Andilana  and  Nosy 
Antsaibory  (ANSP);  1-2  mi.  S  of  Nosy 
Iranja,    white   sand,    in    11    fms.    (ANSP). 
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SEYCPIELLES  IDS.:  N.W.  Bay,  Mahe 
(BMNH).  MAURITIUS:  (BMNH).MAL- 
DIVE    IDS.:    S    half    of    Kendikolu    Id., 

5°57'N;    73°24'E,     Miladummadulu    Atoll 
(ANSP);  Kuda  Huvadu,  S  Nilandu  Atoll 
(ANSP).  CEYLON:   (MCZ).  ANDAMAN 
IDS.:    (BMNH).  MALAYSIA:   Singapore: 
(BMNH).      THAILAND:       Phuket      Id. 
(ANSP).     INDONESIA:      Batavia,     Java 
(MCZ;  USNM);  E  Mios  Woendi  Id.  and 
Konori  Id.,  Padaido  Ids.   (both  ANSP);  E 
side  Rouw  Id.,  W  side  of  Abroeki,   1  mi. 
SW  of  Maransabadi,  Aoeri  Ids.,  Geelvinck 
Bay     (both    ANSP).    CHINA:     Shanghai 
(MCZ).    JAPAN:    Sagami    Bay    (ANSP); 
Kyoto  (MCZ);  Wakayama  (ANSP);  Osima 
Osumi    (?    van    Dieman    Strait)     (MCZ); 
Abu  and  Ishikawa  Beach,  Okinawa,  Ryukyu 
Ids.    (both  USNM).    PHILIPPINE   IDS.: 
cove,  S  side  of  Corregidor  Id.,  in  11  fms. 
(ANSP);  east  end  of  Sisiman  Bay,  Bataan, 
in  8  fms.  (ANSP);  TiHc  Bay,  Lubang  Id. 
(MCZ);     Jolo     (USNM).     AUSTRALIA: 
Abrolhos  Ids.  (USNM);  Monte  Bello  Ids., 
Dampier  Archipelago   (BMNH);  Port  Es- 
sington,     Northern     Territory     (BMNH); 
Moreton  Bay,  Queensland  ( MCZ ) .  PATAU 
IDS.:    Eil  Malk,  off  Eomogan   Id.,  4  mi. 
SW    of    Eil    Malk,    in    3    ft.,    sand,    west 
entrance    of    Kossol    Passage,    in    20    fms. 
and   1  mi.   S   of  west  passage   Babelthuay 
Id.      (all     ANSP).      MARSHALL     IDS.: 
Bikini  (USNM).    SOLOMON   IDS.:  Ataa, 
Malaita  Id.  (ANSP).  NEW  CALEDONIA: 
(BMNH;  MCZ);  Bourail   (ANSP);  2  1/2 
mi.   N   Dumbea  Pass,   off  Noumea,   in  60 
ft,   sand    (ANSP).   FIJI   IDS.:    E   end   of 
Thakau  Tanau  Reef,  4-5  mi.  NW  of  Port 
Ellington,  NE  Viti  Levu;  1  1/2  mi.  NE  of 
Mbau  Id.,  Viti  Levu  (both  MCZ).  SAMOA: 
Tutuila  Id.    (USNM).   HAWAIIAN  IDS.: 
Midway   Id.    (ANSP);   Pearl  and   Hermes 
Reef  (USNM);  off  Honolulu,  in  6-8  fms., 
Oahu   (ANSP;  USNM);  off  Kaanapoli,  in 
4-8  fms.,  Maui  (USNM). 

Subgenus  Eurytellina   Fischer 

Pewnaeoderma  'Poll'  Stoliczka  1870,  Cretaceous 
Fauna    of    Southern    India,    vol.    Ill:     116    (type- 


species,  Tellina  pimicea  Born  1778,  original  des- 
ignation), non  Poli  1795,  7iec  Morch  1853. 

EimjtcUhia  Fischer  1887,  Manuel  de  Conchylio- 
logie,  p.  1147  (type-species,  Tellina  punicea  Born 
1778,   monotypy). 

Tellhiota  Iredale  1936,  Rec.  Aust.  Mus.,  19  (5): 
281  (type-species,  Tellinota  roseola  Iredale  1936, 
original  designation ) . 

Description.  Shell  elongate-elliptical  to 
subtrigonal,  somewhat  compressed  and 
slightly  inequilateral;  posterior  flexure  to 
the  right,  weak,  obsolete  or  absent;  surface 
sculpture  rather  poorly  developed;  liga- 
ment posterior  more  or  less  protuberant, 
and  strong;  lateral  teeth  of  the  left  valve 
poorly  developed,  with  a  weak,  tubercle- 
like proximal  anterior  tooth  and  an  obsolete 
distal  posterior  lateral  tooth;  in  the  right 
valve,  the  distal  posterior  is  often  well  de- 
veloped and  the  proximal  anterior  is  gen- 
erally well  developed  and  strong;  pallial 
sinus  rather  flattened  dorsally  and  extend- 
ing far  anteriorly,  near  to  or  contiguous 
with  the  anterior  adductor;  confluence  of 
the  pallial  sinus  with  the  pallial  line  ex- 
tensive. 

The  group  of  Eurytellina  forms  a  natural 
assemblage  of  species  characterized  by  the 
right  lateral  dentition,  the  more  or  less 
elongate  elliptical  shape  of  the  shell,  the 
compression  of  the  valves,  and  the  rela- 
tively smooth  superficial  sculpture  on  the 
anterior  slope  and  disc  of  each  valve. 
Many  of  the  species  are  highly  or  intensely 
colored  with  reds,  pinks,  and  apricots. 

Although  Eurytellina  appears  to  be  most 
highly  evolved  in  the  western  Atlantic- 
eastern  Pacific  region,  it  is  represented  in 
the  eastern  Atlantic  and  Mediterranean  by 
T.  incarnata,  in  tropical  west  Africa  by  T. 
madagascariensis,  in  cool  temperate  South 
Africa  by  T.  alfredensis  and  in  the  Austra- 
lian region  by  T.  alhinella  and  T.  roseola. 
Map  4  shows  the  distribution  of  Eurytellina. 

Tellina  (Eurytellina)  alfredensis  Bartsch 
Plate  9,  figures  1,2;  Plate  10,  figure  2. 

Tellina  rosea  Spengler  1798,  Skrivter  af 
naturhistorie  Selskabet  K0benhavn,  4  ( 2 ) :  83 
(type-locality,   Fra  Niquebar,   here   corrected   and 
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Map  4.  The  distribution  of  species  of  Eurytellina.  The  species  include:  in  South  Africa,  o/fredens/s  and  prismatica;  in  West 
Africa,  madagascariensh;  in  Australia,  albmella  and  roseola;  In  the  northeastern  Atlantic  Ocean  and  Mediterranean  Sea, 
incarnafo;  in  the  western  Atlantic,  pun/ceo  and  allies  [alternata,  tayloriana,  angulosa,  nitens,  trinitatis,  guildingii,  vespuci- 
ona,  and  lineata);  and,  in  the  eastern  Pacific,  slmulam  and  allies  (/ocer;dens,  hertteini,  laplata,  eburnea,  rubescens, 
ecuodoriona,  inaequistriata,  mantaensis,  and  prora).  The  group  is  obviously  most  highly  differentiated  in  the  New  World, 
where    it    is    predominantly    tropical.      In     the     Indo-Pccific   and   European  areas  it  tends  to  occupy  cooler  waters. 


restricted  to  Port  Alfred,  South  Africa;  types,  ?  Zoo- 
logical Museum,  Copenhagen;  refers  to  Chemnitz 
1782,  Conch.-Cab.,  vol.  6:  105,  fig.  96),  mm 
Gmtlin   1791   nee  Crouch  1827. 

Tellina  alhinclla  alficdensis  Bartsch  1915,  Bull. 
U.  S.  Nat.  Mus.,  91:  205,  pi.  46,  figs.  7,  8  (type- 
locality,  Port  Alfred,  South  Africa;  holotype, 
USXM    186948). 

Tellina  madagascariensis  'Gmelin'  Barnard  1964, 
Ann.  South  African  Mus.,  47:  537,  fig.  41a,  non 
Gmelin   1791. 

Description.  Shell  extending  to  85  mm 
in  length  and  to  53  mm  in  height,  elongatc- 
sublanceolate,  nearly  equilateral,  solid, 
more  or  less  compressed,  with  left  valve  of 
greater  convexity  than  right,  and  with 
definite  flexure  to  right  posteriorly.  Umbo 
central    (little   anterior   in   younger   speci- 


mens), little  elevated  or  inflated,  white 
and  blunt;  umbonal  cavity  shallow  and 
rather  filled  in,  particularly  in  right  valve. 
Anterior  margin  convex,  narrowly  and 
smoothly  rounded;  ventral  margin  long, 
gently  convex,  rising  in  arcuation  pos- 
teriorly, some  specimens  with  postbasal 
concave  indentation;  anterior  dorsal  margin 
long,  gently  sloping,  and  weakly  convex  to 
straight;  posterior  dorsal  margin  long, 
slightly  more  steeply  descending,  straight 
to  slightly  concave;  posterior  short,  gener- 
ally quite  distinct,  straight  to  weakly 
convex.  Sculpture  consisting  of  extremely 
weak  and  very  closely  spaced  concentric 
threads  and  of  extremely  fine  radial  vermic- 
ulations;    concentric    lamellations    present 
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on  posterior  third  of  discs  and  posterior 
dorsal  slope  of  right  valve  (about  2  per 
mm).  Growth  lines  evident,  particularly 
in  large  individuals,  and  often  coincident 
with  concentric  bands  of  darker  or  lighter 
coloration.  Two  posterior  radial  ridges 
with  sulcus  between  in  each  valve,  though 
stronger  in  right  valve;  distal  biangulation 
of  ridges  nearly  define  extent  of  posterior 
margin;  single  anterior  radial  ridges  define 
anterior  dorsal  margin,  sharper  in  right 
valve. 

Ligament  brownish,  strong,  not  protuber- 
ant, set  into  elongate,  lanceolate  escutcheon 
defined  by  dorsalmost  radial  ridges;  cal- 
careous portion  of  ligament  elongate  and 
subtended  by  narrow  nymphal  callosity. 
Elongate,  thin,  external  horny  ligament 
anteriorly.  Hinge  line  moderately  well  de- 
veloped. In  left  valve,  cardinal  complex 
consisting  of  anterior,  subdeltoid,  bifid 
cardinal  tooth  with  subequal  lobes,  and  of 
posterior,  thin,  laminate  cardinal  tooth 
generally  obsolete,  missing,  or  coalescent 
with  anterior  border  of  calcareous  portion 
of  ligament;  anterior  lateral  tooth  obsolete, 
consisting  of  subproximal  thickening  of 
hinge  line;  posterior  lateral  tooth  obsolete 
or  missing,  consisting  of  weak  distal  en- 
largement of  hinge  line.  In  right  valve, 
cardinal  complex  consisting  of  rather  thin 
anterior  cardinal  tooth  and  of  subdeltoid, 
bifid,  posterior  cardinal  tooth  with  subequal 
lobes;  anterior  lateral  tooth  subpro.ximal  to 
cardinal  complex,  moderately  strong,  and 
little  upcurled;  posterior  lateral  tooth  dis- 
tal, grooved  above,  slightly  protuberant, 
and  weaker  than  anterior  lateral  tooth. 

Muscle  scars  well  impressed.  Anterior 
adductor  scar  irregularly  rounded,  semi- 
lunate;  posterior  scar  rounded,  subquad- 
ratc.  Pallial  sinus  hardly  rising,  gently 
arcuated  and  falling  to  pallial  line  in  an- 
terior quarter  of  its  length,  and  widely 
separated  from  anterior  adductor  muscle 
scar.  Cruciform  muscle  scars  closely  adja- 
cent to  pallial  line,  irregularly  subequal. 
Color  predominantly  pink,  pinkish  red,  and 
white;    rarely    with    apricot-orange    hues. 


Internally,  red  coloration  stronger  and  more 
definitive.  Externally,  white  and  reddish 
often  disposed  in  bands  of  no  apparent 
pattern  or  regularity;  hinge  line  and  dorsal 
margins  white  internally. 

Lensth   Height  Width 
mm  mm        mm 

84.4  52.9       —         Hermanns    Beach    [right 

valve  only] 
78.6     43.2       —         Still  Bay 
72.3     43.1      15.9        Still  Bay 

70.8  41.6      16.4        Algoa  Bay 

46.5  26.0     08.8        holotype    of    alfredensis 

40.9  22.0     07.0         Knysna 
38.2     20.5     06.4        Jeffreys  Bay 

28.8      14.7       —         Knysna    (right   valve) 
20.5      11.1        —  Knysna    (left  valve) 

Rc77uiiks.  Tellina  rosea  Spengler  is  pre- 
occupied by  T.  rosea  Gmelin  and  Bartsch's 
name,  T.  alfredensis,  the  next  available 
synonym,  has  to  be  used.  It  is  necessary, 
however,  to  remark  on  the  historical  usages 
of  the  name  rosea  Spengler,  as  well  as 
on  the  species  madag,ascariensis  Gmelin, 
which  has  often  been  confounded  with  the 
former.  There  has  been  considerable  con- 
fusion in  the  appropriate  name  by  which 
T.  alfredensis  should  be  known.  The  ques- 
tion is  an  historical  one,  and  reference  to 
the  early  literature  is  necessary.  Further- 
more, the  assignations  of  type-localities  for 
the  species  have  been  difficult.  As  indi- 
cated in  the  synonymy,  Tellina  rosea 
Spengler  is  based  on  a  figure  of  Chemnitz 
(1782,  vol.  6:  105,  fig.  96).  Tellina  mada- 
gasearicnsis  Gmelin  is  based  on  a  figure 
of  Lister  (1770,  pi.  386,  fig.  233).  The 
illustrations  are  herein  considered  as  type- 
figures  for  the  respective  names.  The  type- 
localities  of  both  rosea  Spengler  and 
madaiiaseoriensis  Gmelin  were  originally  in 
error.  Chemnitz  ( 1782 )  expressed  doubt 
as  to  the  exact  geographical  occurrence  of 
rosea  Spengler  when  he  remarked:  "Sie 
wohnet  vermuthlich  in  den  ostindischen 
Gewassern.  Doch  bekenne  ichs  gerne,  dass 
mir  ihr  wahres  eigentliches  Vaterland  mit 
kciner  Gewissheit  bekannt  worden  sey." 
Chemnitz's  specimen  came  from  Spengler's 
collection  and  is  presumably  in  the  Zoo- 
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Plate  9.  Figs.  1  and  2.  Tellina  (Eurytellina)  alfredensis  Bartsch,  Still  Boy,  South  Africa,  SAM  A30018  (length  =  41  mm): 
Fig.  1,  internal  view  of  the  right  valve;  Fig.  2,  external  view  of  the  right  valve.  Figs.  3  and  4.  Tellina  [Tellinides]  opalina 
Gmelin,  Chinde,  Mozambique,  SAM  A6181  (length  =  26  mm):  Fig.  3,  external  view  of  the  left  valve;  Fig.  4,  internal  view 
of  the  right  valve. 


logical  Museum  in  Copenhagen.  Yet  Speng- 
ler  ( 1798 )  was  able  to  give  a  locality  for 
T.  rosea  as  'Fra  Niquebar,'  which  refers 
to  the  Nicobar  Islands  in  the  Bay  of  Ben- 
gal. Gmelin  ( 1791 )  gives  Madagascar  as 
the  type-locality  for  T.  madaiiascaricnsls 
and  this  error  wa.s  derived  from  Lister, 
whose  figures  indicate  the  locality. 

The  range  of  T.  madaiiascaricnsis  has 
been  given  by  Nickles  (1950)  as  from 
the  French  Congo  to  Angola.  Reference 
to  tlie  literature  and  museum  specimens 
substantiates  his  statements  and  adds  more 
specific  data.  From  north  to  south,  the 
documented  range  of  madaiiascaricnsis  is: 
Sao  Thome  (Nobre,  1909);  Cape  Lopez 
(USNM  348320);  NLayumba,  Gabon  (Nick- 
les, 1952);  Loango,  Brazzaville,  Congo 
(Nickles,  1952);  Loanda,  Angola  ( Hoyle, 
1887);  Lobito  and  Mo^amedes,  Angola 
( Dautzenberg,     1912;     Paes     da     Franca, 


1960b);  Great  Fish  Bay  (Dautzenberg, 
1912;  Thiele  and  Jaeckef,  1931)  [=  Baia 
dos  Tigresl  and  Cape  Negro,  Angola 
(Odhner,  1923).  The  locality  Porto  Grande, 
St.  Vincent,  Cape  Verde  Islands,  given  by 
Stearns  (1893),  is  based  upon  2  dead  and 
beach  worn  shells  (USNM  125365)  and 
therefore  cannot  be  construed  as  evidence 
that  the  species  lives  there.  Thus,  more 
specifically,  T.  mada<z,ascaricnsis  ranges 
from  off  Sao  Thome  and  Cape  Lopez, 
Gabon,  south  along  the  west  coast  of 
Africa  to  the  Baia  dos  Tigres  in  the  Porto 
Alexandre  Park  of  Angola  just  north  of 
Kunene  River.  The  localities  Rio  de  Janeiro 
and  Senegal  given  by  Bertin  (1878)  are 
clearly  in  error.  A  single  right  valve  of  T. 
madagascariensis,  probably  ballast,  was 
collected  by  de  Villiers  at  Jeffreys  Bay, 
Humansdorf  Coast,  Cape  Colony  (USNM 
382492 ) ,  and  a  single  left  valve  has  been 
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found  in  deposits  at  the  mouth  of  the  Klein 
River  (SAM  A  30017). 

TcUina  alfrcdcnsi'S  appears  to  be  exclu- 
sively South  African  while  T.  madaga.sca- 
riemis  occurs  along  the  coast  of  West 
Africa  and  does  not  occur  in  Madagascar. 
The  type-locality  of  T.  rosea  Spengler  [  = 
aljredensis]  is  here  corrected  and  restricted 
to  Port  Alfred,  in  agreement  \v\\h  the  type- 
locality  of  olfrcdemis,  and  the  type-locality 
of  T.  modoga.'icariensi.s  is  here  corrected 
and  restricted  to  Loanda,  Angola,  West 
Africa. 

The  assumption  of  Salisbury  ( 1934 )  that 
TeUina  datitzenbergi  Nobre  1894  was  a 
synonym  of  TeUina  rosea  Spengler,  non 
Gmelin,  is  incorrect.  Nobre's  figure,  though 
not  particularly  good,  is  identical  with 
TeUina  mars  Hanley  of  West  Africa.  Among 
other  things  which  indicate  that  dautzen- 
bergi  is  not  rosea  Spengler  [=  alfredensis] 
is  the  fact  that  dautzenhergi,  which  is  from 
Sao  Thome,  is  outside  the  range  of  aljred- 
ensis. 

There  have  been  two  species  with  which 
T.  alfredensis  has  been  confused,  namely, 
T.  madaga.scariensls,  a  close  relative,  and 
T.  alhinella,  an  even  more  closely  related 
species.  A  comparison  and  discussion  of 
these  two  species  follow. 

Tlie  most  singularly  distinguishing 
characteristic  that  serves  to  contrast  T. 
alfredensis  and  madagascariensis  is  the 
configuration  of  the  pallial  sinus  (see  Pi. 
10,  figs.  2-3).  In  alfredensis,  the  pallial 
sinus  is  widely  separated  from  the  anterior 
adductor  muscle  scar  whereas  in  madagas- 
cariensis, it  is  confluent  or  nearly  confluent 
with  the  anterior  adductor  scar.  Further, 
the  anterior  adductor  muscle  scar  of 
madagascariensis  is  much  longer  and  larger 
than  that  of  alfredensis.  The  species  may 
even  be  distinguished  externally.  In  al- 
fredensis, the  posterior  outline  differs  from 
that  of  madagascariensis  in  being  concavely 
arcuate  ventrally  and  more  definitively 
pointed  posteriorly.  The  posterior  ridge  in 
alfredensis   is    more    sharply    defined    and 


more  closely  parallel  to  the  posterior  dor- 
sal margin  than  in  madagascariensis. 

TeUina  alfredensis  has  often  been  con- 
fused with  T.  alhinella  Lamarck  of  South 
Australia,  and,  indeed,  was  described  as  a 
subspecies  of  alhinella.  For  all  of  Bartsch's 
ability  to  distinguish  species  on  even  the 
most  flimsy  of  grounds,  it  is  remarkable 
that  he  never  considered  alfredensis  as  a 
distinct  species.  Van  Bruggen  (1952)  com- 
pared alfredensis,  which  he  called  rosea, 
with  alhinella  and  concluded  that  they 
differed  in  heaviness.  The  similarity  in 
the  structure  of  the  dentition  of  the  right 
valve  and  in  the  general  configuration  of 
the  pallial  sinus  indicates  the  close  relation- 
ship. Further,  they  are  very  similar  in 
shape  and  are  both  highly  colored.  How- 
ever, they  differ  in  so  many  features  that 
there  is  no  question  that  they  are  separate 
species  (Pi.  10,  figs.  1-2).  T.  alhinella  has 
a  shell  that  is  much  thinner  and  therefore 
not  as  heavy  as  that  of  alfredensis.  In  con- 
junction, the  right  anterior  lateral  tooth  is 
more  proximal  to  the  cardinal  complex, 
and  the  cardinal  teeth  are  consequently 
strengthened,  with  the  right  posterior  bifid 
cardinal  tooth  considerably  enlarged  and 
protuberant.  In  alhinella,  the  pallial  sinus 
curves  posteriorly  as  it  coalesces  with  the 
pallial  line,  whereas  in  alfredensis,  the 
pallial  sinus  maintains  its  gentle  convexity 
and  unites  with  the  pallial  line  without 
such  a  curvature.  The  posterior  margin  is 
not  as  distinctly  defined  in  alhinella  as  it 
is  in  alfredensis,  and  there  is  only  a  slight, 
if  any,  flexure  to  the  right  posteriorly  in 
alhinella,  whereas  in  alfredensis  the  pos- 
terior flexure  is  rather  strong.  As  stated 
previously,  both  species  have  highly  col- 
ored shells,  but  alfredensis  is  predominantly 
of  a  pink  or  reddish  suffusion  whereas 
alhinella,  though  having  pinks  and  reds, 
has  a  tendency  to  be  suffused  with  apricot 
internally  and  may  even  be  "nearly  pure 
white. 

The  unique  structure  of  the  anterior 
dorsal  margin  of  alfredensis  is  elaborated 
by  what  I  have  called  the  anterior  ridges. 
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Plate  10.  Diagrammatic  illustrations  of  the  internal  surface  of  the  valves,  showing  the  dental  configuration  and  muscle 
scars.     Fig.    1.     Tellina   (Eurytellina)   albinella   Lamarck:    right    valve,    South    Australia,    USNM    321610    (length  :=  32    mm).    Fig. 

2.  Tellina    [Eurytellina]    alfredensis    Bartsch:    Right    valve.    Still    Bay,    South   Africa,    SAM   A30018    (length  =  21 .2    mm).    Fig. 

3.  Tellina  [Eurytellina]  modogascar/ensis  Gmelin:  right  valve,  Porto  Grande,  St.  Vincent,  Cape  Verde  Islands,  USNM  125365 
(length  :^  75  mm).  Fig.  4.  Tellina  (Homa//no)  trilatera  Gmelin:  right  valve,  Muizenberg,  False  Bay,  South  Africa,  USNM 
617728    (length  =  26.7    mm). 


In  the  right  valve  the  ridge  is  much 
stronger,  more  sharply  formed,  and  higher 
than  in  the  left  valve.  Therefore,  when  the 
valves  are  adpressed,  the  right  valve  is 
slightly  higher  than  the  left  and  there  is  a 
deep  cleft  like  an  elongate  lunule  between 
the  valves  in  the  median  longitudinal  axis. 
The  sheer  entad  walls  formed  by  these 
ridges,  particularly  in  the  right  valve,  cre- 
ate a  broad  margination  when  the  internal 
surface  of  the  valve  is  viewed.  At  the 
bottom  of  this  cleft,  toward  the  umbos,  an 
anterior  external  horny  ligament  is  de- 
veloped. Such  a  structure  is  not  unusual  in 
the  Tellinidae,  and  Owen  ( 1958 )  has 
pointed  out  these  various  parts  of  the  liga- 
ment in  detail.  Only  the  conspicuous 
posterior  ligament,  with  its  well-developed 
external  and  internal  portions,  has  gener- 
ally been  included  in  descriptions — usually 
because  this   anterior  ligament  is   obscure 


and  very  often  lost.  But  in  T.  alfredensis 
it  is  much  more  strongly  developed  and 
even  conspicuous  in  adults.  Occurrences 
of  this  species  in  the  fossil  record  are 
numerous;  they  have  been  fully  listed  and 
documented  by  Barnard  (1962b;  1964b). 
Range.  In  South  Africa,  this  species  lives 
from  the  Cape  of  Good  Hope  to  Port 
Alfred.  Since  it  has  been  found  in  the 
Pleistocene  north  of  Swakopmund,  it  may 
occur  alive  off  the  coast  of  South  West 
Africa,  but  I  have  seen  no  specimens  from 
that  area.  Records  from  West  Africa,  i.e. 
the  Congo  or  Angola,  are  for  true  T. 
madagascariensis.  T.  alfredensis  seems  to 
prefer  off-shore  cool  water  habitats  in  sand 
and  shell  substrates  and  has  been  taken 
alive  to  37  m.  Although  I  have  not  seen 
specimens  from  Madagascar,  a  number  of 
reports  signal  its  occurrence  on  that  island 
(see  Dautzenberg,  1929). 
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Specimens  examined.  REPUBLIC  OF 
SOUTH  AFRICA:  (BMNH);  Cape  of 
Good  Hope  (MCZ);  Muizenberg,  False 
Bay  (UCT;  USNM);  Hennanus  Beach, 
Caledon  Coast  (USNM);  Riversdale  Dis- 
trict, Still  Bay  (SAM;  MCZ);  N  of  Cape 
Seal,  Plettenberg  Bay  (UCT);  Knysna 
(SAM);  Jeffreys  Bay  (DM;  MCZ;  USNM); 
Green  Island,  Port  Elizabeth  ( DM ) ;  Algoa 
Bay  (ANSP;  MCZ;  NM);  Port  Alfred 
(BMNH;  MCZ);  near  Grahamstown,  Port 
Alfred  (USNM). 

Tellina   {Eurytellina)  prismotico  Sowerby 
Plate  1 1,  figure  1;  Plate  12,  figures  1,  2. 

Tellina  prisnwtica  Sowerby  1897,  Appendix  to 
Marine  Shells  of  South  Africa,  p.  22,  pi.  6,  fig.  29 
( type-locaUtv,  Durban;  syntxpes,  BMNH  99.4.14- 
.2952  and  1905.10.23.55),  non  Sowerby  1905. 

Description.  Shell  extending  to  20  mm 
in  length  and  12  mm  in  height;  sublanceo- 
late  to  subtrigonal;  inequilateral,  equivalve, 
fragile  to  solid,  rather  compressed,  with 
left  valve  of  slightly  greater  convexity  and 
with  slight  flexure  to  right  posteriorly. 
Umbo  slightly  behind  middle,  slightly  ele- 
vated, pointed,  and  inconspicuous;  umbonal 
cavity  shallow.  Anterior  margin  smoothly 
and  narrowly  rounded;  ventral  margin 
more  or  less  straight,  rising  shghtly  pos- 
teriorly; anterior  dorsal  margin  elongate, 
straight  to  slightly  convex,  and  gently  de- 
scending; posterior  dorsal  margin  relatively 
short,  steeply  descending,  and  irregularly 
convex;  posterior  margin  short,  forming 
blunt  posterior,  oblique  truncation.  Sculp- 
ture consisting  of  more  or  less  regular, 
finely  incised  sulcations  (about  8  to  12 
per  mm);  no  true  radial  sculpture,  but 
radial  venniculations  sometimes  present. 
Posterior  ridge  in  right  valve  variously  de- 
veloped, and  concomitant  sulcus  present 
in  left  valve.  Concentric  growth  lines  often 
conspicuous. 

Ligament  short,  protuberant,  yellowish 
brown,  set  in  weakly  defined  short  sub- 
lanceolate  escutcheon;  no  true  lunule 
developed.  Calcareous  portion  of  ligament 
moderately   developed   and   subtended   by 


slightly  raised  nymphal  callosities.  Hinge 
line  rather  strongly  developed.  In  left 
valve,  cardinal  complex  consisting  of  an- 
terior narrow,  bifid  tooth  with  subequal 
lobes,  and  of  posterior  elongate,  thin  lami- 
nate cardinal  tooth;  anterior  lateral  tooth 
subproximal  to  cardinal  complex,  consist- 
ing of  slightly  thickened  to  strongly  thick- 
ened denticle  on  hinge  margin;  posterior 
lateral  tooth  at  distal  end  of  ligament, 
slightly  socketed  above,  consisting  of  pro- 
tuberant, slightly  pointed  thickening.  In 
right  valve,  cardinal  complex  consisting  of 
posterior,  skewed,  subdeltoid  bifid  tooth 
with  subequal  lobes,  and  of  anterior  strong, 
protuberant  cardinal  tooth;  anterior  lateral 
tooth  subproximal  to  cardinal  complex, 
strong,  usually  thickened  and  protuberant, 
sometimes  narrow  and  upcurled;  posterior 
lateral  tooth  distal,  at  posterior  end  of 
hinge  line,  narrow,  shelf-like,  slightly  up- 
curled,  and  socketed  above.  No  true  rib 
developed. 

Muscle  scars  moderately  to  well  im- 
pressed. Anterior  adductor  muscle  scar 
irregularly  sublunate  and  posterior  adduc- 
tor muscle  scar  irregularly  subquadrate. 
Pallial  sinus  equal  in  both  valves,  rising 
sharply  behind,  gently  arcuate  dorsally,  fall- 
ing in  more  or  less  straight  line  to  base  of 
anterior  adductor  muscle  scar;  confluence 
entire.  Cruciform  muscle  scars  generally 
well  impressed,  small,  rounded,  except 
right  anterior  rectangular  scar.  Shell  white, 
suffused  with  red,  pink,  or  rarely  flesh 
colored,  sometimes  arranged  in  bands. 
Umbos  generally  white. 


Length   Height  Width 
mm  mm        mm 


19.4 
18.0 
15.0 
12.0 
11.4 
08.2 
07.8 


10.5 
11.7 
09.5 
06.6 
06.9 
04.5 
04.6 


05.4 
06.2 
04.5 
02.6 
03.1 


Durban  Bay 
Richards  Bay 
Durban  Bay 
Durban  Bay 
Dur1:)an  Bay 
Off  Tegula  River 
Off  Tegula  River 


Remarks.  Sowerby  (1897)  described  T. 
priwiatica  from  Durban  and  mentioned 
that  it  was  very  thin,  compressed,  elongate, 
and    iridescent.     However,    the    definitive 
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Plate  11.  Fig.  1.  Tellina  (Euryfe/Zino)  priimatica  Sowerby: 
internal  view  of  the  right  valve  and  enlargement  to  shovv" 
placement  of  the  right  anterior  lateral  tooth,  Durban  Harbor, 
NM  (length  :=  19.4  mm).  Fig.  2.  Tellina  [Tellinides]  nata- 
lensis  Philippi:  internal  view  of  the  right  valve  and  enlarge- 
ment to  show  the  right  anterior  lateral  tooth  nearly  coex- 
tensive with  the  cardinal  complex,  Durban  Harbor,  NM 
(length  =  21 .3   mm). 

diagnostic  traits  that  serve  to  identify  T. 
prismatica  are  not  those  related  to  the  thin- 
ness of  the  valves,  but  include  the  strong 
dentition  in  the  right  valve,  with  the  an- 
terior lateral  tooth  rather  proximal  to  the 
cardinal  complex,  and  the  configuration  of 
the  pallial  sinus,  which  touches  or  nearly 
extends  to  the  anterior  adductor  muscle 
scar.  Also,  the  development  of  the  left 
lateral  dentition  is  another  important  diag- 
nostic character  which  distinguishes  this 
species. 

Again  we  are  confronted  with  a  small 
tellen  that  exhibits  a  considerable  range  of 
variation.  As  indicated  in  the  description, 
the  valves  may  be  fragile  to  solid.  Smaller 
individuals  usually  tend  to  be  transparent 
and  thin-shelled,  whereas  individuals  that 
approach  the  maximum  size  tend  to  be  more 
heavily  shelled.   The  shape  is  also  variable, 


but  most  often  elongate-sublanceolate  speci- 
mens are  encountered;  strongly  shelled, 
subtrigonal  or  subquadrate  specimens  do 
occur,  however,  and  very  much  resemble 
T.  ycmcncnsis  in  structure,  except  that  they 
lack  the  posterior  rostration  and  apricot 
coloration  of  that  species. 

As  Sowerby  remarked,  T.  prisrnatica 
resembles  T.  valfouis  from  the  Red  Sea. 
Indeed,  there  are  a  number  of  species  that 
have  never  been  really  completely  de- 
scribed, which  I  have  not  had  available, 
that  belong  to  the  complex  of  smaller 
tellens.  In  addition  to  valfonis,  mention 
should  also  be  made  of  T.  flacca  Romer, 
T.  lularis  Hanley,  T.  arsinoen.sis  Issel,  T. 
scitula  H.  Adams,  T.  enjthraea  Romer,  T. 
nitens  Deshayes,  and  T.  jelix  Hanley.  T. 
prismatica  might  well  be  synonymous  with 
one  of  them.  Specimens  that  Barnard 
( 1964b )  discussed  as  T.  nofalcnsis  and 
that  Day  and  Morgans  ( 1956 )  referred  to 
as  T.  scalpcUiim  are  really  T.  prismatica. 

Range.  T.  prismatica  lives  in  the  wanner 
waters  of  the  Natal  coast  of  South  Africa. 

Specimens  examined.  REPUBLIC  OF 
SOUTH  AFRICA:  Durban  Bay  (BMNH; 
NM).  Richards  Bay  estuary,  Zululand 
(UCT-ES);  all  near  mouth  of  Tegula 
River,  29°10'S,  31°51'E  in  43  meters, 
29°21.6'S,  31^35.7'E  in  57  meters,  coarse 
mud,  sand,  and  shell,  and  29°19.8'S, 
31°26.2'E  in  38  meters,  coarse  sand  (all 
UCT-ES). 

Subgenus  Tellinides  Lamarck 

Tellinides  Lamarck  1818,  Anim.  sans  Vert.,  5: 
535  ( type-species,  Tellina  timorcnsis  Lamarck 
1818,    original   designation). 

Description.  Shell  of  small  to  medium 
size  (to  60  mm),  elongate-subrectangular, 
rarely  transversely  subtrigonal,  inequilat- 
eral, rather  compressed,  and  slightly 
gaping  posteriorly.  Umbos  rather  small, 
inconspicuous,  and  usually  median  to  an- 
terior in  position.  Ligament  moderately 
strong,  protuberant.  Dentition  weak;  car- 
dinal teeth  normal;  lateral  teeth  obsolete  or 
absent   except    for    right    anterior    peglike 
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tooth,  closely  juxtaposed  to  cardinal  com- 
plex. Pallial  sinus  rising  sharply  behind, 
pointed  in  apex  dorsally  beneath  umbo, 
descending  in  oblique  line  anteriorly,  and 
uniting  with  pallial  line  some  distance  from 
anterior  adductor  muscle  scar.  Tracts  of 
crucifonn  muscle  scar  often  marked  by 
whitish  ray  posteriorly.  Color  puqole-red 
to  white. 

Remarks.  Certainly  the  lineage  of  TcUi- 
nidcs  is  close  to  that  of  Homahna,  since 
large  individuals  of  T.  opalina  are  extremely 
similar  to  T.  trikitcro.  The  closely  proximal 
right  anterior  lateral  tooth  also  indicates 
the  propinquity  of  Tellinidcs  and  Homahna. 
I  use  TcUinides  separately,  because  its 
aforementioned  dental  element  is  generally 
strong  and  peglike,  its  shell  very  often 
highly  colored,  with  posterior  rays  that 
indicate  the  attachment  tracts  for  the 
cruciform  muscles,  and  the  outline  of  its 
valves,  though  at  times  subtrigonal,  tends 
to  be  elongate-sublanceolate  or  subrec- 
tangular. 

It  should  also  be  mentioned  that  TcUini- 
deJIa  Hertlein  and  Strong,  represented  by 
the  eastern  Pacific  TcUinides  purpureus 
Broderip  and  Sowerby  1829,  must  be  a 
distant  offshoot  of  the  Tellinides  lineage. 
That  species  is  extremely  highly  colored 
with  purple-red  but  has  a  single  slight 
subproximal  right  anterior  lateral  tooth. 
Both  characters  are  very  reminiscent  of 
what  is  found  in  species  such  as  T.  opalina 
or  T.  timorcnsis,  and,  for  that  matter,  in 
T.  lanceolata  Linnaeus,  the  type-species  of 
the  controversial  Angidiis. 

Tellina  {Tellinides)  opalina  Gmelin 

Plate  4,  figures  3,  4;  Plate  9,  figures  3,  4. 

Tellina  apelina  (sic)  Cmelin  1791,  Syst.  Nat., 
ed.  13,  p.  3236  (type-locality,  in  simi  Nicobarico; 
types,  possibly  in  Spengler  collection,  Copenhagen; 
refers  to  Chemnitz,  1782,  Conch. -Cab.,  vol.  6: 
118,  pi.  12,  figs.   107  [108]).! 

Tellina  opalina  Cmelin.    Spengler  1798,  Skrivter 


^  Chemnitz  listed  this  species,  ex  museo  Speng- 
leriano,  a  collection  which  is  housed  in  Copen- 
hagen Museum;  he  gave  the  loca]it>'  as:  "Sie 
wohnet  an  den  nicobarischen  Meerufern." 


af  nattirhistorie  Selskabet  K0benhavn,  4  (2):  106; 
Bosc  1801,  Hist.  Nat.  Coq.,  3:  26;  Link  1807, 
Beschr.  Nat.  Samml.  Univ.  Rostock,  3:  147,  non 
Sowerby   1868. 

TcUinides  rosea  Crouch  1827,  Lamarck's  Conch., 
pp.  11  and  44,  pi.  4,  figs,  la  and  b  (type-locality 
not  given,  supposed  to  be  from  the  Indian  Ocean; 
types,  not  known);  Sowerby  1828,  Cenera  of  Re- 
cent and  Fossil  Shells,  pt.  31,  non  Gmelin  1791,  nee 
Spengler  1798. 

Tellina  planissima  Anton  1839,  Verzeichniss,  p. 
4  (type-locality  not  given;  types,  not  known); 
1844  [in]  Philippi,  Abbild.  Beschreib.  Conch.,  vol. 
1,  Tellina,  p.  123  [11],  pi.  2,  fig.  2  (type-locality, 
insulae   Moluccae   .    .    .    ). 

Tellina  (Angulus)  immaculata  'Philippi'  Bar- 
nard 1964,  Ann.  S.  Afr.  Mus.,  47:  544,  non 
Phihppi   1849. 

Description.  Shell  extending  to  49  mm 
in  length  and  to  33  mm  in  height,  sub- 
rectangular  to  subacuminate,  slightly  in- 
equilateral, nearly  equivalve,  usually  rather 
thin  and  translucent  in  younger  individuals, 
large  adults  sometimes  subsolid,  com- 
pressed, with  right  valve  slightly  more 
convex  and  with  slight  flexure  to  right 
posteriorly.  Umbos  subcentral,  slightly  in 
front  of  middle,  white  or  pink  and  pointed. 
Anterior  margin  broadly  and  smoothly 
rounded;  ventral  margin  broadly  convex, 
rising  in  gentle  convex  arcuation  pos- 
teriorly; anterior  dorsal  margin  gently 
descending  and  slightly  convex;  posterior 
dorsal  margin  more  sharply  descending, 
long  and  more  or  less  straight;  posterior 
margin  slightly  convex,  forming  somewhat 
oblique  truncation.  Sculpture  consisting  of 
finely  incised,  closely  spaced  (4-7  per 
mm)  concentric  sulcations,  frequently 
somewhat  scissulate  along  anterior  slope 
and  stronger  along  posterior  dorsal  slope; 
radial  vermiculations  most  evident  on  cen- 
tral disc.  Posterior  ridge  weakly  developed 
and  poorly  defined. 

Ligament  reddish  brown  to  black,  moder- 
ately strong,  and  protuberant.  No  true 
lunule  present.  Calcareous  portion  of  liga- 
ment set  upon  slightly  elevated  nymphal 
callosities.  Hinge  rather  weakly  developed. 
In  left  valve,  cardinal  complex  consisting 
of  anterior,  narrowly  compressed,  bifid 
tooth  with  subequal  lobes  and  of  posterior 
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elongate  single  laminate  tooth;  no  true 
lateral  dentition;  narrow,  subproximal  fold 
representing  anterior  lateral  tooth.  In  right 
valve,  cardinal  complex  consisting  of  pos- 
terior fragile  bifid  tooth,  with  posterior 
lobe  larger  and  skewed  posteriorly,  and  of 
anterior  short,  slightly  thickened,  but  weak 
laminate  tooth;  anterior  lateral  tooth  closely 
juxtaposed  to  cardinal  complex,  short,  pro- 
tubenmt,  peglike,  sometimes  slightly  up- 
curled;  no  true  posterior  lateral  tooth. 

Muscle  scars  moderately  well  impressed. 
Anterior  adductor  muscle  scar  narrowed 
and  subsemilunate;  posterior  muscle  scar 
subrectangular,  rounded  posteroventrally, 
and  wdth  dorsal  extension  of  posterior 
pedal  retractor  muscle  scar.  Pallial  sinus 
more  or  less  equal  in  opposite  valves, 
rising  sharpK-  from  posterior  adductor 
muscle  scar,  irregularly  descending  in 
arcuation  anteriorly,  not  coalesced  with 
and  separated  from  anterior  adductor 
muscle  scar,  and  joining  pallial  line  ven- 
trally  in  convex  arcuation;  confluence 
extensive.  Distance  separating  anterior- 
most  extension  of  pallial  sinus  and  anterior 
adductor  muscle  scar  variable.  Posterior 
termination  of  pallial  line  hook-shaped. 
Cruciform  muscle  scars  generally  well  im- 
pressed, large  and  rounded,  more  widely 
separated  in  riglit  valve;  internal  thickened 
rib  in  left  valve  with  very  weak  radial 
vermiculation  before  it  and  two  more  or 
less  equal  riblets  in  right  valve,  correspond- 
ing to  attachment  of  cruciform  muscles. 
Shells  white  peripherally  with  pinkish-red 
suffusions  throughout;  white  rays  conspic- 
uous posteriorly,  especially  in  left  valve, 
corresponding  to  ribs  supporting  cruciform 
musculature. 


«ngth 
mm 

Height 
mm 

Width 
mm 

48.8 

32.2 

08.2 

Dapitan,    Mindanao,    Philip- 

47.2 
38.3 

32.2 
2.5.1 

08.2 
05.7 

pines 
Lampinegan  Id.,  Philippines 
Durban 

35.1 

23.5 

05.2 

Durban 

31.0 

22.1 

05.3 

Lunga,    Guadalcanal,    Solo- 
mon Ids. 

26.2 

18.4 

04.6 

Chinde 

21.8 

13.9 

03.6 

Delagoa  Bay 

Remarks.  Tellina  opalina  was  first  de- 
scribed by  Chemnitz  ( 1782 ) .  Schroter 
(1786;  1788)  also  referred  to  the  species. 
Since  these  works  are  non-binomial,  their 
names  are  not  available  for  nomenclatorial 
purposes.  Cmelin  ( 1791 )  used  T.  apelina, 
an  obvious  misspelling  or  Ia]).sus;  subse- 
quent authors  have  used  the  spelling 
opalina.  Spengler  (1798),  Bosc  (1801), 
and  Link  (1807)  cited  opalina;  these 
references  are  not  to  be  construed  as 
homonyms,  although  they  are  entered  in- 
dividually in  the  Index  Animalium.  Salis- 
Marschlins'  (1793)  mention  of  this  species 
is  based  on  a  misidentification;  the  species 
does  not  occur  in  the  Mediterranean.  As 
pointed  out  by  Smith  (1878),  Sowerby 
( 1868 )  described  and  figured  an  homony- 
mous T.  opalina  which  is  not  to  be  con- 
fused with  T.  opalina  Cmelin. 

Since  Sowerby  did  not  include  authors' 
names  in  his  plate  captions  for  the  Genera, 
the  name  Tcllinides  rosea  has  been  at- 
tributed to  Sowerby  by  Smith  (1878). 
According  to  notes  compiled  by  Dall  in  the 
U.  S.  National  Museum,  the  plate  on 
Tellinides  was  included  in  part  31  of 
Sowerby's  Genera;  Sherborn  (1894)  has 
shown  that  the  date  of  publication  of  this 
part  was  22  December  1828.  Since  Crouch's 
work  ( 1827 )  antedates  this,  it  appears  that 
Sowerby  was  referring  to  Crouch's  species. 
Tlie  name  Tellinides  rosea  Crouch  should 
not  be  confused  with  Tellina  rosea  Cmelin 
or  Tellina  rosea  Spengler  (see  the  synon- 
ymy of  T.  alfredensis  Bartsch). 

Barnard  ( 1964b )  called  this  species  T. 
immaculata,  which  was  described  by 
Philippi  (1849:  55,  Tellina  (p.  27),  pi.  5, 
fig.  2)  from  Mergui  in  Burma  and  is  an 
elongate  species  of  low  proportions  with 
the  pallial  sinus  confluent  for  a  short 
distance  posteriorly;  the  shell  is  white;  it 
is  very  closely  related  to,  and  possibly 
synon)inous  with,  T.  vestalis  Hanley;  it  is 
not  closely  related  to  T.  opalina  Cmelin. 

There  is  no  doubt  that  the  East  African 
populations  of  T.  opalina  differ  from  those 
inhabiting  the   Indonesian   and   Philippine 
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Plate  12.  Diagrammatic  illustrations  of  the  internal  surface  of  the  valves  showing  the  dental  configuration  and  muscle  scars. 
Figs.  1  and  2.  Tellina  [Eurytellina]  prismatica  Sowerby,  Durban  Harbor,  NM  (length  zz:  19.4  mm):  Fig.  1,  right  valve; 
Fig.  2,  left  valve.  Figs.  3  and  4.  Tellina  {Tellmides]  natalensis  Philippi,  Durban,  DM  (length  =  17.2  mm):  Fig.  3,  right 
valve;    Fig.    4,    left   valve. 


regions.  For  example,  the  posterior  margin 
of  the  Mozambique  specimens  is  more 
obHque  and  less  pointed.  Smith  (1S7S) 
also  noted  that  the  East  African  specimens 
were  "more  equilateral  in  form."  None  of 
the  material  I  have  examined  from  South 
or  East  Africa  is  as  large  as  the  specimens 
from  the  Philippines.  However,  in  m\- 
opinion,  these  variations  are  not  sufficienth 
great  to  be  of  specific  significance.  There 
is  some  indication  that  with  increased  size, 
the  outline  of  the  valves  becomes  increas- 
ingly more  acuminate.  Further,  the  place- 
ment of  the  pallial  sinus  alters  with  in- 
creased size.  In  smaller  specimens  the 
pallial  sinus  approaches  the  anterior  ad- 
ductor muscle  scar  more  closely. 

Large,  whitish  specimens  of  T.  opaJina 
may  be  very  similar  to  large  specimens  of 
T.  trikitem.  Tlie  acentric  sculpture  on  the 
postbasal  surface  of  the  right  valve  of 
trikitem,  as  well  as  the  fact  that  the  right 
anterior  lateral  tooth  is  almost  incorporated 
into  the  cardinal  complex  of  frilatcra,  serve 


to  distinguish  the  species.  Further,  in 
opoJina  of  this  size  (43  mm),  the  internal 
rib  is  well  de\eloped,  and  the  umbo  is  not 
so  far  anterior. 

Tellina  adenensis  Smith  1891  has  been 
referred  to  Tcllinide.s-  by  Lamy  (1918). 
This  species  is  very  similar  to  the  T. 
opalina  populations  from  East  Africa,  and 
I  am  tempted  to  place  T.  adencn.sis  in  the 
synonymy  of  T.  opalina.  Unfortunately,  no 
specimens  from  the  region  around  Aden 
were  available  for  study. 

Tellina  sinuata  Spongier  1798  [=  T. 
timorcnsis  Lamarck  1818]  (see  Hidalgo, 
1903)  is  another  relative  of  T.  opalina;  it  is 
distinguished  by  its  somewhat  subquadrate 
outline  and  its  different,  less  angulate, 
posterior  slope. 

T.  npalina  is  conspicuous  in  its  develop- 
ment of  posterior  radial  ribs.  The  posterior- 
most  rib  of  the  left  valve  is  the  strongest 
and  is  thickened  and  white  in  color,  so 
that  it  contrasts  noticeably  with  the  usual 
pinkish  red  of  the  shell  matrix.    The  an- 
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teriormost  rib  of  the  left  valve  and  the  two 
slightly  more  divergent  riblets  of  the  right 
vahe  are  all  weaker,  though  they  may  be 
colored  white  and  f(^rm  conspicuous  pos- 
terior rays.  Functionally,  these  ribs  or 
riblets  are  places  of  attachment  and  sup- 
port for  the  cruciform  muscles.  It  follows 
that  the  left  posterior  head  of  this  muscle 
is  the  strongest  of  all  four  parts  of  the 
cruciform  muscle. 

Range.  Tcllina  opalino  is  an  Indo-Pacific 
species  with  two  general  areas  of  distribu- 
tion. One  group  of  populations  is  found  in 
the  western  Indian  Ocean  as  far  south  as 
Durban  on  the  east  African  coast,  while 
the  main  concentration  of  populations  is  in 
the  East  Indies,  the  Philippine  Islands,  and 
west  to  Fiji. 

Selected  literature  references  document 
the  occurrences  of  the  species:  South  Africa 
(Barnard,  1964b);  Mozambique  (mouth 
of  the  Macusi  River,  near  Quelimane) 
( Smith,  1878 ) ;  Tulear,  Ankilibe,  and  Tama- 
tave,  Madagascar  (Dautzenberg,  1929); 
Persian  Gulf  (Melvill  and  Standen,  1907); 
Nicobar  Islands  (Chemnitz,  1782;  Speng- 
ler,  1798);  Lho  Seumawe,  Sumatra  and 
Karange  Hawae  (Karang  Hawo),  Java 
(Adam  and  Leloup,  1939);  Dapitan  and 
Davao,  Mindanao,  the  Philippine  Islands 
(Hidalgo,  1903);  the  Moluccas  (Philippi, 
1849;  Romer,  1871;  Bertin,  1878). 

Specimens  examined.  REPUBLIC  OF 
SOUTH  AFRICA:  Durban  Bay  (DM; 
NM).  MOZAMBIQUE:  (BMNH)  Dela- 
goa  Bay  (SAM);  mouth  of  the  Zambesi 
River,  near  Chinde  (SAM).  INDONESIA: 
Tjiperwagaran,  Keledjitan,  and  Pruput, 
Bantam,  Java;  Pelaboehan  Ratoe,  Java; 
Tanjong  Aru,  near  Jesselton,  North  Bor- 
neo (all  USNM);  Molucca  Ids.  (ANSP; 
BMNH).  PHILIPPINE  IDS.:  Sindangan 
Bay,  Dapitan,  Iligan  Bay,  Lupon,  Davao 
Province,  all  Mindanao;  Lampinegan  Is- 
land, off  Basilon;  Apari,  north  Luzon  (all 
USNM).  SOLOMON  IDS.:  Lunga,  Guadal- 
canal (USNM).  FIJI  IDS.:  off  Rukua, 
Mbega  Id.   (USNM). 


Tellina   {Jellinides)    nafalensis  Philippi 
Plate  11,  figure  2;  Plate  12,  figures  3,  4; 
Plate  13,  figure  3. 

Tellina  natalensis  ( Krauss  MS )  Philippi  1846, 
Abbild.  Beschreib.  Conch.,  2:  91,  Tellina,  pi.  4, 
fig.  4  (no  locality  given);  Krauss  1848,  Die 
siidafrikanischen  Mollusken,  p.  3  ( type-locaUty, 
in  litore  natalensi;  holotype,   ?  Stuttgart).^ 

Description.  Shell  extending  to  24  mm 
in  length  and  to  14  mm  in  height,  subrec- 
tangular  to  subelliptical.  inequilateral, 
nearly  equivalve.  subsolid,  somewhat  com- 
pressed, and  with  slight  posterior  flexure 
to  right.  Umbo  behind  middle,  small,  not 
conspicuous,  opisthogyrous,  pointed,  com- 
pressed, not  elevated  or  inflated,  but  with 
moderately  deep  cavit\'.  Anterior  margin 
rather  narrowly  and  smoothly  rounded; 
ventral  margin  slightly  convex,  rising  with 
slightlv  indented  arcuation  behind;  anterior 
dorsal  margin  long,  very  gently  sloping; 
posterior  dorsal  margin  short,  straight  to 
weakly  concave;  posterior  margin  variable, 
irregularly  and  obliquely  truncated,  giving 
outline  pointed  or  bluntb"  truncated  ap- 
pearance. Sculpture  consisting  of  finely 
incised  sulcations,  generally  becoming  ob- 
scure on  posterior  portion  of  disc  and  slope; 
umbonal  concentric  sculpture  lirate  and 
intercalated  posteriorly;  radial  sculpture 
obsolete.    Posterior  ridge  weak  and  gentle. 

Ligament  short,  yellow  to  brownish 
black,  and  set  upon  variously  developed 
nvTTiphal  callosities;  escutcheon  and  lunule 
obsolete.  Hinge  line  weakly  developed.  In 
left  valve,  cardinal  complex  consisting  of 
anterior,  narrow  bifid  tooth  with  subequal 
lobes,  and  of  flat,  shelf-like  laminate  pos- 
terior tooth  closely  adpressed  to  base  of 
n\-mphal  callosity;  no  lateral  teeth  de- 
veloped. In  right  valve,  cardinal  complex 
consisting  of  small,  posteriorly  skewed,  pos- 
terior bifid  tooth  with  anterior  lobe  smaller, 
and  of  anterior,  slightly  thickened,  lami- 
nate tooth;  no  true  posterior  lateral  tooth; 
anterior  lateral  tooth  small,  rounded,  blunt. 


^  The  type-specimens  of  the  species  described 
by  Krauss  were  probably  destroyed  in  World  War 
II   (Dance,   1966). 
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peglike,  and  very  closely  juxtaposed  to  an- 
terior cardinal  tooth. 

Muscle  scars  rather  weakly  impressed. 
Anterior  adductor  muscle  rounded  ven- 
trally,  irregularly  semilunate;  posterior  ad- 
ductor muscle  irregularly  rounded  to 
subquadrate;  retractor  scar  evident.  Pallial 
sinus    rising    sharply    posteriorly,    pointed 


South  African  tellens  are  obscured  by  the 
current  concepts  of  the  generic  and  sub- 
generic  groups  within  the  Tellinidae.  The 
small  tellens,  i.e.  T.  prismatica,  T.  vidal- 
ensis,  and  T.  gilchristi,  are  most  easily 
confused  with  T.  nataleiisis.  The  key  dis- 
tinguishing traits  of  T.  natalensis  are 
illustrated   on   Plate   12,   figures   3   and  4, 


apex  beneath  umbo,  more  or  less  straight      including  the  structure  of  the  dentition  of 


and  steeply  descending  centrally,  rounded 
and  arcuate  anteriorly,  but  well  separated 
from  anterior  adductor  muscle  scar  and 
confluent  with  pallial  line  for  about  two 
thirds  of  its  ventral  length.  Cruciform 
muscle  scars  variously  impressed,  rounded, 
except  for  subrectangular  right  anterior 
scar,  and  close  to  ventral  margin.  Shell 
white,  pink,  or  red,  and  combinations 
thereof;  often  rayed  in  white  posteriorly; 
generally  shining  and  polished  internally 
with  radial  vermiculations. 

Length  Height  Width 


23.8 

13.3 

— 

Durban 

19.1 

10.5 

05.0 

Durban 

17.1 

09.1 

04.0 

Durban 

14.2 

08.2 

03.8 

Durban 

07.6 

03.9 

02.1 

Durban 

Remarks.  Tellina  natalensis  exhibits  a 
considerable  range  of  variation  in  the  shape 
of  the  posterior  portion  of  its  shell.  The 
length  of  the  posterior  dorsal  margin  and 
its  angle  of  obliquity  determine  the  pos- 
terior outline  or  aspect  of  the  shell.  Most 
individuals  are  broadly  truncate  with  a 
slightly  inclined  and  relatively  short  pos- 
terior margin,  but  not  infrequently  some 
individuals  have  the  posterior  dorsal  and 
posterior    margins    nearly    coextensive,    in 


the  right  valve  and  the  configuration  of 
the  pallial  sinus  in  both  valves.  The  sinus 
does  not  coalesce  with  the  anterior  adduc- 
tor muscle  scar  and  is  really  quite  widely 
separated  from  it.  Further,  in  T.  natalensis, 
the  right  anterior  lateral  tooth  is  very 
closely  juxtaposed  if  not  virtually  coexten- 
sive with  the  anterior  laminate  tooth  of 
the  cardinal  complex. 

I  have  placed  T.  natalensis  in  Tellinides 
because  it  shares  so  many  common  char- 
acters with  that  group  and  is  apparently 
most  closely  related  (in  South  African 
waters)  to  T.  opalina.  First,  T.  natalensis 
has  the  centrally  placed  peglike  right  an- 
terior lateral  tooth  and  the  tendency  to  be 
posteriorly  rayed  along  the  growth  axis  of 
the  cruciform  muscle  scars.  In  addition, 
the  pallial  scars  of  both  species  are  quite 
similar,  particularly  in  regard  to  the  shape 
of  the  sinus  and  its  angle  of  ascent  from 
the  base  of  the  posterior  adductor  muscle 
scar.  The  species  are  distinguished  most 
easily  by  the  shape  of  the  shell  and  the 
location  of  the  umbo. 

Tlie  specimens  referred  to  as  T.  scal- 
pellum  Hanley  by  Day  and  Morgans 
( 1956),  and  later  referred  to  as  T.  natalensis 
by  Barnard  (1964b),  have  a  strong  right 
anterior    lateral    tooth    some    distance    re- 


which  case  the  shell  is  pointed  behind  and      moved  from  the  cardinal  complex  and  are 


the  truncation  rather  sharply  angular. 

The  shell  in  T.  natalensis  is  usually  rather 
highly  colored  with  red  or  pink  and  may 
be  rayed  posteriorly.  Some  iridescence  is 
exhibited,  due  generally  to  the  finely 
incised  sulcations,  which  are  shghtly  acen- 
tric peripherally  and  which  disappear  on 
the  posterior  quarter  of  the  disc. 

The  relationships  of  this  species  to  other 


not  T.  natalensis  but  T.  prismatica  (q.v.). 

In  the  description  of  T.  natalensis,  Bar- 
nard ( 1964b )  spoke  of  the  three  cardinal 
teeth  of  the  right  valve.  In  the  present 
interpretation,  the  anteriormost  of  these 
teeth  is  considered  an  anterior  lateral 
tooth. 

Range.  Smith  (1904)  reported  tliis 
species  from  Port  Alfred,  although  it  prob- 
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Plate  13.  Figs.  1  and  2.  Tellina  [Homalina]  trilatera  Gmelin,  Muizenberg,  False  Bay,  South  Africa,  USNM  623580  (length 
=  31.2  mm):  Fig.  1,  enlargement  of  the  posterior  slope  of  the  right  valve  to  show  acentric  sculpture;  Fig.  2,  external  view 
of  the  right  valve.  Fig.  3.  Tellina  [Tellinidez]  natalemis  Philippi:  external  view  of  the  right  valve,  Durban,  SAM  A7637  (length 
^  14.2  mm). 


ably  lives  only  in  the  warm  waters  of  east 
Africa  as  far  south  as  Durban. 

Specimens  examined.  REPUBLIC  OF 
SOUTH  AFRICA:  Durban  (DN;  NM; 
SAM).  MOZAMBIQUE:  Morrumbene  Es- 
tuary (UCT). 

Subgenus  Homalina  Stoliczka 

Homalina  Stoliczka  1870,  Cretaceous  Fauna  of 
Southern  India,  3:  118  (type-species,  Tellina  tri- 
an<iularis  (Chemnitz)  Roding  1798  [=  Tellina 
trilatera  GmeUn    1791],   original   designation). 

Description.  Shell  medium  in  size,  gen- 
erally subtrigonal  in  shape,  compressed, 
inequilateral.  Umbos  anterior,  slightly  ele- 
vated, with  cavities.  Ligament  moderate, 
protuberant.  Dentition  rather  weak;  car- 
dinal teeth  normal;  right  anterior  lateral 
tooth  very  closely  adjacent  to  the  cardinal 


complex.  Pallial  sinus  usually  extensive, 
sometimes  coalescent  with  anterior  adduc- 
tor muscle  scar.  Color  generally  white  with 
polished  periostracum. 

Remarks.  Morch  (1853)  used  a  "Homala 
Schumacher,"  which  was  an  unnecessary 
emendation  for  Omnia  Schumacher  1817. 
He  included  T.  triangularis  (Chemnitz) 
Roding  1798  [=  T.  trilatera  Gmelin]  and 
three  synonyms.  This  is  apparently  just 
Morch's  placement  of  T.  trilatera  in 
'Homala.'  Homala  was  truly  introduced  as 
an  emendation  for  Omala  Schumacher  1817 
by  Agassiz  (1846:  258).  But  it  is  not  only 
unnecessary,  it  is  useless,  since  it  is  pre- 
occupied by  Homala  Eschscholtz  1831. 
Omala  Schumacher  is  monotypic  and  the 
correct  subgeneric  name  for  T.  hyalina. 

The  relationship  between  the  monotypic 
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Omala  and  Homalina  becomes  immediately 
obvious  when  the  respective  type-species 
for  these  subgenera  (the  West  African  T. 
hijalina  GmeHn  and  the  South  African  T. 
trilatera  GmeHn)  are  compared.  The  shells 
of  these  species  are  similar  in  having  an 
anterior  placement  of  the  umbo.  Both  have 
a  very  small  to  obsolete  right  anterior 
lateral  tooth  virtually  incorporated  into  the 
cardinal  complex.  In  shell  structure  they 
have  similar  sculpture,  texture,  thickness, 
and  color.  I  have  treated  Homalina  sepa- 
rately— that  is,  I  have  not  synonymized  it 
with  Omala — because  T.  hijalina  is  so 
obviously  unique.  No  other  tellen  has  the 
umbo  placed  so  far  anteriorly,  the  pecu- 
liarly elliptical  outline  of  the  valves,  or  the 
inset  ligament  with  a  flange  on  the  pos- 
terior dorsal  margin. 

Homalina  is  also  very  similar  to  Tclli- 
nides.  Yet  there  is  some  justification  for 
maintaining  a  separate  status  for  these 
groups,  in  as  much  as  Homalina  is  char- 
acterized by  species  that  are  distinctly 
subtrigonal  and  whose  right  anterior  lateral 
tooth  is  almost  coalescent  with  the  cardinal 
complex.  Homalina  is  represented  in  New 
Zealand  by  the  large,  posteriorly  pointed, 
and  transversely  trigonal  T.  gaimardi  Ire- 
dale.  Another  trigonal  group — in  the  Aus- 
tralian-New Zealand  region — is  Macomona, 
with  the  New  Zealand  T.  liliana  Iredale  as 
type,  and  with  T.  frisfis  Deshayes  and  three 
other  species  in  New  South  Wales  in  Aus- 
tralia (Iredale  and  McMichael,  1962). 
Macomona  is  certainly  more  distantly  re- 
lated to  Homalina  and  is  distinguished  by 
its  very  strong  subproximal  anterior  lateral 
tooth,  its  thickened,  heavy  shell,  its  sharp 
posterior  flexure,  and  an  extensive  semi- 
lunate  anterior  adductor  muscle. 

Tellina  {Homalina)  frilatera  Gmelin 

Plate  10,  figure  4;  Plate  13,  figures  1,  2; 
Plate  14,  figure  2. 

Tellina  trilatera  Gmelin  1791,^  Syst.  Nat.,  ed. 
13,    p.    3234    (type-locality    not    given,    here    re- 

^  First  referred  to  in  the  non-binomial  Chemnitz 
(1782)    as  T.  triangularis;  the  locaHty  was  origi- 


stricted  to  Port  Alfred,  Republic  of  South  Africa; 
holot>'pe,  ?  Zoological  Museum,  Copenhagen;  re- 
fers to  Chemnitz  1782,  Conch. -Cab.,  vol.  6,  p. 
96,  pi.  10,  fig.  85). 

Tellina  strigilafa  Spengler  1798.  Skrivter  af 
naturhistorie  Selskabet,  K0benhavn,  4  ( 2 ) :  98 
(type-locality,  Fra  Kysten  Cuinea,  here  corrected 
and  restricted  to  Port  Alfred,  Republic  of  South 
Africa;  holotype,  ?  Zoological  Museum,  Copen- 
hagen; refers  to  Chemnitz  1782,  Conch. -Cab.,  vol. 
6,  p.  96,  pi.  10,  fig.  85). 

Tellina  triangularis  Roding  1798,  Mus.  Bolt.,  p. 
188  ( type-locality  not  given,  here  restricted  to 
Port  Alfred,  Republic  of  South  Africa;  holotype, 
?  Zoological  Museum,  Copenhagen;  refers  to 
Chemnitz  1782,  Conch. -Cab.,  vol.  6,  p.  96,  pi. 
10,  fig.  85),  non  Gmelin  1791. 

TeUinides  politiis  Sowerby  1825,  Catalogue  .  .  . 
Tankerville,  Append.,  p.  4  (type-locality,  not 
given,  here  restricted  to  Port  Alfred,  Republic  of 
South  Africa;   t>'pe  not  known-). 

Description.  Shell  extending  to  47  mm 
in  length  and  to  33  mm  in  height,  sub- 
trigonal,  inequilateral,  thin  to  subsolid, 
compressed,  with  right  valve  slightly  more 
convex  than  left,  and  with  very  slight 
flexure  to  right  posteriorly.  Umbos  well 
in  front  of  middle,  small,  pointed,  smooth, 
and  slightly  inflated.  Anterior  margin 
broadly  rounded  and  of  irregular  convexity; 
ventral  margin  gently  convex,  extensive, 
rising  convexly  posteriorly;  anterior  dorsal 
margin  short,  convex,  and  gently  descend- 
ing; posterior  dorsal  margin  more  sharply 
descending,  elongate,  and  more  or  less 
straight;  posterior  margin  indistinct  and 
short,  forming  pointed,  subacuminate  out- 
line. Sculpture  consisting  of  extremely 
fine,  weak,  concentric  lirations  somewhat 
stronger  on  posterior  dorsal  slope;  perios- 
tracum  with  finely  incised  subconcentric 
sulci;  fine  radial  sulci  evident  on  posterior 
slope  in  right  valve.  Posterior  radial  ridge 
in  right  valve,  setting  off  dorsal  posterior 


nally  unknown:  "Das  wahre  Vaterland  derselben 
ist  mir  unbekannt."  Next  mention  of  the  species, 
but  not  named  except  for  the  common  epithet 
"Die  dreyseitige  Telline"  was  Schroter  (1786:  3). 
-  This  name  is  included  following  its  citation  by 
Morch  (1853:  11)  and  Romer  (1872:  180).  The 
short  Latin  description  certainly  applies  to  T. 
trilatera.  To  my  knowledge  politus  was  never 
figured. 
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flattened  area;  weak  concomitant  ridg(>  and 
sulcus  in  left  valve. 

Ligament  black-brown,  moderately  strong, 
sliglith"  protuberant  and  set  in  lanceolate 
escutcheon;  no  true  lunule.  Calcareous 
portion  of  ligament  subtended  by  flattened 
nymphs.  Hinge  line  rather  weakly  de- 
veloped. In  left  valve,  cardinal  complex 
consisting  of  anterior,  narrow,  protuberant 
bifid  tooth  ^^•ith  subequal  lobe,  and  of 
posterior,  very  thin,  oblique  laminate  tooth, 
adpressed  and  partlv'  coalesced  with  base 
of  nymphs,  often  lost,  broken  or  obscure; 
slight  distal  thickening  of  hinge  line  rep- 
resenting obsolescent  posterior  lateral  tooth, 
and  anterior  lateral  tooth  closely  proximal 
to  cardinal  complex,  laminate  and  arcuate. 
In  right  valve,  cardinal  complex  consisting 
of  posterior,  oblique,  narrow,  bifid  tooth 
with  subequal  lobes,  and  of  anterior,  nar- 
row, laminate  tooth;  posterior  lateral  tooth 
distal,  thin,  weakly  pointed,  slightly  up- 
curled  and  socketed  above;  anterior  lateral 
tooth  immediately  anterior  to  laminate 
cardinal  tooth  and  often  partially  coales- 
cent,  thin,  shelf-like  and  bluntly  pointed. 

Muscle  scars  rather  weakly  impressed. 
Anterior  adductor  muscle  scar  rounded 
anteriorly,  flattened  ventrally,  and  subsemi- 
lunate;  posterior  adductor  muscle  scar 
subtrigonal  to  subquadrate.  Pallial  sinus 
unequal  in  opposite  valves.  In  right  valve, 
pallial  sinus  descending  in  more  or  less 
straight  line  from  posterior  adductor  muscle 
scar  to  point  separated  from  anterior  ad- 
ductor scar  and  above  pallial  line,  then 
falling  in  short,  straight  line  to  pallial  line; 
confluence  over  3/4  ventral  length  of  pallial 
line.  In  left  valve,  pallial  sinus  extending 
more  or  less  straight  from  base  of  posterior 
adductor  muscle  scar  directly  across  in- 
terior of  valve  to  unite  with  anterior  ad- 
ductor muscle  scar;  confluence  entire. 
Cruciform  muscle  scars  difficult  to  discern, 
rounded,  closely  juxtaposed,  and  with 
internal  radial  vermiculations  or  weak 
riblets  marking  their  attachment.  Shell 
white,  covered  externally  with  pale  yello\\- 
ish   green   periostracum,    usually    partially 


eroded;  rust  discolorations  often  evident 
on  posterior  dorsal  slope;  internally  white, 
^\•eakly  polished. 


Length  Height  Width 


46.6 

32.7 

— 

Jeffrey's  Bay 

44.2 

31.8 

— 

Hout's   Bay 

42.3 

28.9 

09.5 

Muizenberg,   False 

Bay 

39.6 

21.2 

07.8 

Durban  Bay 

29.0 

20.4 

07.0 

Durl)an   Bay 

26.4 

17.7 

05.8 

Muizenberg,  False 

Bay 

Remarks.  The  occurrence  of  this  species 
in  South  Africa  was  recognized  by  von 
Martens  (1874).  Specimens  from  Saldanha 
Bay  taken  at  a  depth  of  6.5  m  in  a  sub- 
strate of  fine  white  sand  and  grey  mud 
were  found  to  have  the  posterior  slope  of 
the  valves  discolored  (probably  by  some 
iron  compound  in  the  substrate).  The  dis- 
coloration is  present  on  both  valves  but 
more  extensively  on  the  right.  Small  epi- 
zoic  organisms  were  found  on  several  in- 
di\iduals.  Their  greatest  concentration  is 
on  the  posterior  slope  of  the  right  valve. 
From  these  facts,  it  is  apparent  that  the 
species  lives  in  the  substrate  on  its  left 
side  just  below  the  surface,  at  an  angle 
\\hich  allows  a  slight  protrusion  of  the 
posterior  part  of  the  valves  out  of  the  sub- 
strate. 

The  closest  relative  of  T.  trilatera  is  T. 
gaimarcli  Iredale  1915  (=  T.  alba  Quoy 
and  Gaimard  1835,  non  Wood  1815)  from 
New  Zealand.  The  similarit\"  in  shape,  the 
structure  of  the  hinge,  and  the  kind  of 
dentition  indicate  the  close  relationship 
between  these  species.  T.  gaimarcli  has  no 
flattened  posterior  dorsal  slope  and  attains 
a  larger  size.  In  the  left  valve  of  T. 
gaimardi,  the  pallial  sinus  does  not  coalesce 
with  the  anterior  adductor  muscle  scar  as 
it  does  in  T.  trilatera. 

Barnard  ( 1962b )  has  listed  the  occur- 
rences of  this  species  in  the  fossil  record 
in  South  Africa.  It  has  been  found  as  far 
north  as  Port  Nolloth,  Little  Namaqualand 
(Haughton,  1932)  and  as  far  east  as 
Knysna. 

Range.  Tellina  trilatera  is  exclusively 
South  African  and  occurs  in  shallow  coastal 
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waters  in  fine  sandy  or  muddy  substrates 
from  South  West  Africa  to  Durban  Bay. 
Recently,  Grindley  and  Kensley  ( 1966 ) 
obtained  it  off  the  mouth  of  the  Orange 
River,  South  West  Africa. 

Specimens  examined.  REPUBLIC  OF 
SOUTH  AFRICA:  Saldanha  Bay  (MCZ; 
UCT);  Langebaan  Lagoon,  Saldanha  Bay 
(UCT);  Hoedjies,  Saldanha  Bay  (ANSP/; 
Hout's  Bay  (NM);  Cape  of  Good  Hope 
(MCZ);  False  Bay  (NM;  UCT);  Muizen- 
berg,  False  Bay  ( USNM ) ;  Satt  Vlei  Beach, 
Hermanns,  Klein  River  (ANSP);  Still  Bay 
( SAM ) ;  Plettenberg  Bay  ( MCZ ) ;  Humans- 
dorp  Coast,  Jeffrey's  Bay  (SNM);  Albany 
(USNM);  Port  Alfred,  near  Grahamstown 
(USNM);  Port  Alfred,  Bathurst  District 
(BMNH;  MCZ);  Natal  (BMNH);  Durban 
Bay  (DM). 

Subgenus  Cadella  Dall,  Bartsch  and  Rehder 

Cadella  Dall,  Bartsch  and  Rehder  1938,  Bishop 
Museum,  Bull.,  153:  196  (type-species,  TcUina 
lechiogramma  Melvill  1893,  original  designation). 

Description.  Shell  small,  solid,  and  ovate- 
subelliptical.  Umbos  behind  middle,  opis- 
thogyrous  and  blunt.  Sculpture  consisting 
of  rather  strong,  closely  spaced  lirations. 
Ligament  short,  strong,  and  sunken  in 
escutcheon;  small  subumbonal  internal 
ligamental  element  sometimes  developed. 
Pallial  sinus  extending  close  to  anterior 
adductor  muscle  scar,  sharply  descending, 
and  forming  short  confluence  with  pallial 
line  posteriorly. 

Remarks.  Dall,  Bartsch,  and  Rehder 
(1938)  have  given  a  long  description  for 
this  group.  Its  affinities  are  clearly  with 
Moerella,  but  it  apparently  is  distinct  in 
its  heavy  strong  shell  and  its  concomitantly 
thickened  hinge  line  and  strong  lateral 
teeth.  The  Caribbean  Acorylus  Olsson  and 
Harbison  1953  (with  Tellina  suberis  Dall 
1900  as  type-species  and  with  T.  gouJdii 
Hanley  1846  as  a  living  representative) 
differs  in  its  smooth  sculpture  and  its 
pallial  sinus,  which  is  basally  confluent 
with  the  anterior  adductor  muscle  scar. 
Elliptotellina  Cossmann  1886  (type-species 


Donax  feUincUa  Lamarck  1805)  is  also 
related  to  Cadella.  However,  species  of 
EUiptoteUina,  for  example,  T.  fabrefacta 
Pilsbry  in  the  Indo-Pacific,  are  variously 
sculptured  radially  along  the  posterior 
surfaces  of  the  valves  and  are,  by  and  large, 
equilateral,  with  the  umbos  nearly  always 
centrally  placed.  The  tiny  subumbonal 
internal  ligament  of  Cadella  is  similar  to 
the  conspicuous,  developed  internal  liga- 
ment of  the  semelid  group,  Semehngulus. 
Apparently  this  condition  is  convergent. 

Tellina  (Cadella)  semen  Hanley 

Plate  14,  figure  5;  Plate  15,  figures  1-4. 

Tellma  semen  Hanley  1844,  Proc.  Zool.  Sec. 
London  [1845],  pt.  12,  no.  141:  164  (type- 
locality,  Corregidor  [Philippine  Islands];  t>'pes  not 
known,  not  in  type  collection  in  BMNH;  1846 
[in]  Sowerby,  Thes.  Conch.,  vol.  1,  Tellina,  p.  249, 
pi.  56,  fig.  8;  Sowerby  1867  [in]  Reeve,  Conch. 
Icon.,  vol.  17,  Tellina,  pi.  41,  fig.  232. 

Telliim  fahagella  Deshayes  1854,  Proc.  Zool. 
Soc.  London  [1855],  pt.  22,  no.  174:  355  (type- 
localit\%  Albay  Islands  of  Luzon,  Philippine  Is- 
lands;   syntypes,    BMNH   unnumbered). 

Tellina  semitorta  Sowerby  1867  [in]  Reeve, 
Conch.  Icon.,  vol.  17,  Tellina,  pi.  39,  figs.  221 
a-b  (type-locality,  Watson's  Bay,  Port  Jackson, 
New  South  Wales,  Australia;  syntypes,  BMNH 
70.10.26.17). 

Tellina  striatissima  Sowerby  1868  [in]  Reeve, 
Conch.  Icon.,  vol.  17,  Tellina,  pi.  45,  fig. 
226  (type-locality  not  given;  holotype,  BMNH 
1900.3.9.13). 

Tellina  miiact/llium  Melvill  and  Standen  1906, 
Proc.  Zool.  Soc' London  [1907],  2  (4):  820,  pi. 
56,  fig.  4  (type-locality,  Koweit  [sic],  Persian 
Gulf;   holot>'pe,   BMNH    1907.5.3.87). 

Tellina  europisthus  Barnard  1964,  Ann.  Natal 
Mus.,  16:  27,  fig.  5  c  (type-locality,  off  Cape 
Natal,  Durban,  in  54  fathoms;  syntypes,  SAM  A 
9549). 

Description.  Shell  extending  to  12  mm 
in  length  and  to  9  mm  in  height,  subellipti- 
cal-subovatc,  inequilateral,  equivalve,  solid, 
inflated,  and  with  shght  posterior  flexure. 
Umbos  behind  middle,  inflated,  little  ele- 
vated, and  blunt.  Anterior  margin  nar- 
rowly and  smoothly  rounded;  ventral 
margin  gently  convex,  rising  in  regular 
arcuation  posteriorly;  anterior  dorsal  mar- 
gin long,  gently  descending,  and  generally 
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Plate  14.  Diagrammatic  illustrations  of  the  internal  surface  of  the  valves,  showing  the  dental  configuration  and  muscle 
scars.  Fig.  1.  Tellina  (Arcopog/'o)  ponsonbyi  Sowerby:  right  valve,  Albany,  South  Africa,  USNM  98045  (length  =  21 .5 
mm).  Fig.  2.  Tellina  [Homalina]  trilatera  Gmelin:  left  valve,  Langebaan  Lagoon,  Saldanha  Bay,  South  Africa,  UCT-LB  63 
(length  :=  18  mm).  Fig.  3.  Tellina  [Serrafina]  capsoides  Lamarck:  right  valve  of  young  individual,  Durban,  DM  3650 
(length  :=  17  mm).  Fig.  4.  Tellina  [Angulus)  canonica  Salisbury:  right  valve,  Still  Bay,  South  Africa,  SAM  A30019  (length  := 
11  mm).    Fig.  5.    Tellina  [Cadella]  semen  Hanley:  right  valve,   Delagoa   Bay,   Mozambique,   SAM  A9552   (length  r=  8.8  mm). 


straight;  posterior  dorsal  margin  short, 
steeply  descending,  and  generally  straiglit; 
posterior  margin  weakly  convex  and  form- 
ing bluntly  rounded  truncation.  Sculpture 
consisting  of  closely  spaced,  raised,  con- 
centric Hrations  ( 7-9  per  mm  on  the  disc ) ; 
no  true  radial  sculpture.  Concentric 
lirations  sublamellate  and  intercalated 
along  posterior  slope,  particularly  in  right 
valve.  Broad  radial  depression  along  pos- 
terior slope  in  left  valve;  no  defined  pos- 
terior ridges  developed. 


Ligament  yellow  to  brown,  opisthodetic, 
short,  slightly  protuberant,  and  sunken  in 
depressed  short  escutcheon;  secondary,  in- 
conspicuous, subumbonal  resilium  element 
sometimes  developed.  Calcareous  portion 
of  ligament  subtended  by  strong  hinge 
line,  but  elevated  nymphal  callosity  hardly 
developed.  Elongate ,  lanceolate  lunule 
present,  stronger  in  left  valve,  defined  by 
anterior  dorsal  marginal  ridge.  Hinge  line 
well  developed.  In  left  valve,  cardinal 
complex  consisting  of  anterior  subdeltoid 
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bifid  tooth  with  subequal  lobes  and  of 
elongate  sublaminate  tooth  often  coalesced 
with  base  of  nymphs  or  broken;  lateral 
dentition  narrow,  flattened,  and  pointed; 
anterior  tooth  far  removed  and  posterior 
tooth  subproximal  to  cardinal  complex.  In 
right  valve,  cardinal  complex  consisting  of 
posterior  strong  subdeltoid  bifid  tooth  with 
posterior  lobe  larger  and  skewed  posteri- 
orly and  of  anterior  sturdy  sublaminate 
tooth;  lateral  dentition  strong,  heavy,  sock- 
eted above,  and  pointed;  anterior  lateral 
distal  and  posterior  lateral  subproximal  to 
cardinal  complex. 

Muscle  scars  moderately  or  poorlv 
impressed.  Anterior  adductor  scar  elongate- 
rounded;  posterior  adductor  subquadrate- 
rounded;  palHal  sinus  equal  in  both  valves, 
rising  gently,  narrowly  rounded  anteriorly, 
sharply  descending  and  forming  short 
confluence  with  pallial  sinus  posteriorly. 
Pallial  sinus  extending  very  close  to  an- 
terior adductor  muscle  scar  along  its  dorsal 
arcuation.  Cruciform  muscle  scars  difficult 
to  discern,  closely  juxtaposed,  rounded  to 
somewhat  flattened.  Shell  generally  white; 
internal  surface  polished;  external  surface 
dull,  often  dirty  white  to  yellowish  brown; 
some  yellow  suffusions  internally  and  oc- 
casionally reddish  concentrations  along 
hinge  line. 


Length  Height 

Width 

mm 

mm 

mm 

11.8 

08.5 

05.5 

Durban 

10.2 

07.2 

04.5 

Durban 

09.5 

06.5 

— 

syntype 

of  europisthus 

09.1 

06.2 

0.3.8 

Mekran 

Coast 

08.0 

05.6 

03.6 

Delagoa 

Bay 

07.3 

05.2 

— 

syntype 

of  europisthus 

Remarks.  TcUina  semen  is  a  widely  dis- 
tributed Indo-Pacific  species.  It  exhibits 
a  considerable  range  of  variation,  particu- 
larly in  regard  to  its  shape  and  its  sculpture 
on  the  posterior  dorsal  slope  of  the  right 
valve.  A  number  of  the  synonyms  of  this 
species  have  been  established  on  the  char- 
acter of  the  outline  of  the  valves.  I  do  not 
hesitate  to  consider  T.  .semitorta  a  synonym 
of  T.  .semen,  though  both  Smith  (1885) 
and  Lynge  (1909)  treated  each  separately. 


Smith  noted  that  .semen  and  semitorta  were 
closely  allied  but  stated  that  semen  was 
more  elongate;  he  also  noted  that  semitorta 
had  some  reddish  coloration  along  the 
hinge  line.  Lynge  showed  that  the  popu- 
lations that  he  referred  to  .semitorta  in  the 
Gulf  of  Siam  possessed  no  red  coloration 
and  were  extremely  variable  in  form.  Com- 
parison of  specimens  throughout  the  Indo- 
Pacific  region,  from  Natal,  South  Africa, 
to  the  Fiji  Islands,  indicates  that  there  are 
no  consistent  differences  between  isolated 
populations  that  would  merit  interpretation 
of  any  of  these  populations  as  distinct 
species  or  even  subspecies.  By  any  means, 
the  populations  referred  to  T.  semen  and 
T.  .semitorta  by  Smith  and  Lynge  were 
sympatric. 

The  synonyms  miracylJium  Melvill  and 
Standen,  striati.ssima  Sowerby,  fahagella 
Deshayes,  europisthus  Barnard,  and  .semi- 
torta Sowerby  have  been  established  upon 
examination  of  type-material.  Salisbury 
(1934)  had  already  suggested  that  mira- 
cijlUum  and  .striati.ssima  were  synonymous 
with  .semen.  The  status  of  semen,  the  type- 
material  of  which  cannot  be  located,  is 
based  upon  the  plates  cited  in  the 
synonymy. 

TelJina  semen  belongs  to  the  subgenus 
Cadella  Dall,  Bartsch,  and  Rehder  (1938). 
The  concentric  sculpture,  the  strong  denti- 
tion of  the  right  valve,  and  the  configuration 
of  the  pallial  sinus  in  T.  .semen  are  ex- 
tremely similar  to  those  of  T.  lechiogramma 
Melvill,  the  type-species  of  Cadella.  In 
some  respects  Cadella  is  related  to  Moerella 
(type-species,  T.  donacina  Linnaeus  of 
European  seas),  but  the  pallial  sinus  in 
Moerella  has  a  considerable  coalescence 
with  the  pallial  line,  whereas  in  Cadella 
the  sinus  is  confluent  distally.  Melvill  and 
Standen  (1907)  and  L>aige '( 1909)  placed 
T.  .semen  in  Moerella. 

One  of  the  curious  traits  of  T.  semen, 
noted  by  Smith  (1885),  is  the  tendency 
of  the  resilial  part  of  the  ligament  to  form 
a  separate,  tiny,  subumbonal  portion.  Al- 
though always  inconspicuous,  this  feature 
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Plate  15.  Tellina  [Cadella]  semen  Hanley.  Fig.  1.  External  view  of  the  left  valve,  Durban,  NM  1809  (length  =  18  mm).  Fig. 
2.  Internol  view  of  the  right  valve,  Durban,  NM  1809  (length  =  12.1  mm).  Figs.  3  and  4.  Syntype  of  Tellina  europiithus 
Barnard  [=:  T.  semen],  off  Cape  Natal,  Durban,  SAM  9549  (length  =  8.5  mm):  Fig.  3,  external  view  of  the  right  valve; 
Fig.  4,   internal  view  of  the   right  valve. 


is  \ariousl\-  developed,  and  in  some  speci- 
mens an  extremely  .small  chondrophore-like 
structure  is  evident.  This  morphological 
configuration  indicates  the  relationship  of 
the  Tellinidae  with  the  Semelidae;  the 
latter  nomially  have  a  larger  conspicuous 
internal  resilium  supported  by  a  well- 
developed  chondrophore.  Striking  similari- 
ties are  most  evident  bet\\een  CadcIIa  and 
the  various  species  of  the  semelid  genus 
Semehin^iihis.  as  noted  bv  Dall.  Bartsch, 
and  Rehder  (193S). 

Another  variable  morphological  char- 
acteristic exhibited  in  populations  of  T. 
semen  is  the  nature  of  the  concentric 
sculpture  along  the  posterior  slope  in  the 
right  valve.   Usuallv  the  concentric  lirations 


become  stronger,  somewhat  raised,  and 
sublamellate.  Tliev  are  often  reduced  in 
number,  becoming  confluent  with  each 
other  at  various  distances  from  the  posterior 
margin.  Such  a  pattern  of  intercalations 
of  concentric  lirations  was  chosen  by  Bar- 
nard (1964a)  as  the  best  distinguishing 
trait  in  his  synonvTn  europisthus. 

RaniS,c.  TcUiiui  semen  lives  in  offshore 
waters,  usually  in  relatively  coarse  sub- 
strates from  along  the  coast  of  east  Africa 
as  far  south  as  Durban,  through  the  East 
Indies  and  the  Philippine  Islands  to  as 
far  east  as  the  Fiji  Islands.  Smith  (1903) 
first  listed  the  species  from  Durban,  and 
further  documentation  of  range  has  been 
given  by  Lvnge  (1909).    Under  the  name 
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semitorta,  Maes  (1967)  noted  that  this 
species  was  abundant  at  Cocos-Keehng  in 
fine,  soft  sand  in  shallow  water.  It  was 
not  an  intertidal  or  beach  species  and 
rapidly  buried  itself  in  the  substrate  if 
disturbed.  Odhner  (1919)  recorded  this 
species  as  semitorta  from  Madagascar. 

Specimens  examined.  REPUBLIC  OF 
SOUTH  AFRICA:  Durban  ( BMNH;  NM ) ; 
Cape  Natal  (SAM);  Morewood  Cove 
(SAM);  Tugela  River,  Zululand  (SAM). 
MOZAMBIQUE:  Delagoa  Bay  (SAM). 
SEYCHELLES  IDS.:  NW  Mahe  (BMNH). 
PERSIAN  GULF:  (BMNH).  WEST  PAKL 
STAN:  Mekran  Coast  (BMNH;  USNM); 
Karachi  (BMNH).  INDIA:  Tuticorin,  Gulf 
of  Mannar  (BMNH);  Madras  (BMNH). 
ANDAMAN  IDS.:  Port  Blair  (BMNH). 
MALAYSIA:  Singapore:  (BMNH).  PHIL- 
IPPINE IDS.:  (BMNH).  AUSTRALIA: 
Flinders  Passage  and  Cape  York,  Tor- 
res Straits  (both  BMNH).  FIJI  IDS.: 
(BMNH). 

Subgenus  Moere/la   Fischer 

Donacilla  Gray  1851,  (British)  Mollusca  Aceph- 
ala  and  Brachiopoda.  List  of  the  .  .  .  British 
Animals  in  the  .  .  .  Museum,  Part  7,  p.  39  ( type- 
species,  Tellina  donacina  Linnaeus  1758,  sub- 
sequent designation,  Herrmannsen  1852,  p.  47), 
non   Lamarck  1819   (Mollusca). 

Moera  H.  and  A.  Adams  1856,  Genera  Recent 
Moll.,  2:  396  (type-species,  Tellina  donacina 
Linnaeus  1758,  subsequent  designation,  Kobelt 
1881:  328),  non  Huebner  1819  (Lepidoptera), 
nee  Milne-Edwards  1840  (Crustacea),  nee  Miche- 
lin  1855   (Echinodermata).^ 

Maera  H.  and  A.  Adams  1858,  Genera  Recent 
Moll.,  Index,  p.  -xxvii,  error  for  Moera  H.  and  A. 
Adams  1856,  non  Leach  1814  (Crustacea). 

Mocrella  Fischer  1887,  Manuel  de  Conch.,  p. 
1147  (type-species,  Tellina  donacina  Linnaeus 
1758,  monotypy).- 


1  The  type-species  is  not  T.  distorta  Poli  1795, 
as  given  by  Salisbury  1934.  ( Actually,  since  Moera 
is  a  replacement  name  for  Donacilla  Gray,  non 
Lamarck,  its  t>'pe-species  automatically  becomes 
T.  donacina  so  indicated  by  Herrmannsen  for 
Donacilla.  Stoliczka  (1870)   gave  no  designation.) 

-  Fischer  does  not  state  that  he  is  giving  a 
replacement  name  for  Moera  H.  and  A.  Adams 
1856  [=  Donacilla  Gray  1851],  for  he  does  not  in- 


Description.  Shell  usually  small,  elon- 
gate-subelliptical,  solid,  somewhat  inflated 
to  compressed,  inequilateral,  and  more  or 
less  equivalve,  ^^'ith  posterior  flexure  toi 
right.  Umbos  behind  middle,  low  and 
opisthogyrous.  Concentric  sculpture  con 
sisting  of  more  or  less  regularly  spaced, 
strong,  lirations,  usually  intercalated  and 
sublamellate  on  right  posterior  slope.  Hinge 
well  developed.  Right  anterior  and  pos- 
terior lateral  teeth  strong  and  socketed 
above;  anterior  tooth  subproximal  to  car- 
dinal complex.  Pallial  sinus  extending  near 
to  but  separated  from  anterior  adductor 
muscle  scar  and  extensively  confluent  with 
pallial  sinus  posteriorly.  Color  often  red- 
dish with  bands  and/or  rays. 

Remarks.  MoereUa  approaches  CadeUa 
in  many  respects.  Yet  the  latter  has  a 
stronger,  heavier,  and  thicker  shell  with 
concomitantly  stronger  hinge  teeth.  In  out- 
line, MoereUa  tends  to  be  somewhat 
pointed  posteriorly,  and  its  pallial  sinus, 
largely  confluent  with  the  pallial  line 
ventrally,  extends  close  to  the  anterior 
adductor  muscle  scar.  In  addition,  the  right 
anterior  lateral  tooth  of  CadeUa  is  thick, 
socketed  above,  and  more  distantly  dis- 
posed in  relation  to  the  cardinal  complex 
than  is  the  homologous  tooth  in  MoereUa, 
which,  though  developed,  tends  to  be 
shelf-like,  upcurled,  and  more  proximally 
juxtaposed  to  the  cardinal  complex. 

TeUina  donacina  Linnaeus,  the  type- 
species  of  MoereUa,  lives  in  the  Mediter- 
ranean Sea  and  the  eastern  Atlantic  Ocean 
(Bucquoy,  Dautzenberg,  and  Dollfus, 
1887-98 )  and  is  very  closely  related  to  T. 
iidalensis  of  South  Africa.  Also  in  Euro- 
pean waters,  T.  pulcheUo  Lamarck  is  very 
similar  to  T.  gilchristi.  In  the  Americas, 
species  such  as  T.  sijharitica  Dall,  which  I 
had  once  considered  in  Angulus  (Boss, 
1968),  appear  to  belong  to  the  MoereUa 
complex.  Nevertheless,  the  distinctions 
between  Angidus  and  MoereUa  are  tenuous. 


dicate  that  it  was  preoccupied.  Since  he  lists  T. 
donacina  as  an  example,  we  construe  that  as  t>'pe- 
species  by  monotypy. 
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Tellina  (Moerella)  vidalensis  Sowerby 
Plate  16,  figures  2-5;  Plate  17,  figures  1, 
2. 

Tellina  vidalensis  So\veib>-  1904,  Marine  In- 
vestigations South  Africa,  4:  13,  pi.  7,  fig.  5 
(t>pe4ocality.  Cape  Vidal,  NE  by  N,  9  miles,  in 
13  fathoms;  hoIot>pe,  SAM  Reg.  No.   14848). 

Description.  Shell  extending  to  19  mm 
in  lengtli  and  to  10  mm  in  height,  elongate, 
sublanceolate,  inequilateral,  more  or  less 
equivalve,  solid,  right  \al\e  slightly  more 
inflated  with  short,  sharjD  flexure  to  right 
posteriorly.  Umbo  well  behind  middle, 
opisthog\TOus,  small,  inconspicuous,  not  in- 
flated or  elevated,  flattened,  and  with 
shallow  cavity.  Anterior  margin  smoothK- 
and  narrowly  rounded;  ventral  margin 
weakly  convex,  rising  in  concave  arcuation 
posteriorly;  anterior  dorsal  margin  verv 
long,  weakh-  convex  to  straight,  and  gently 
descending;  posterior  dorsal  margin  short, 
straight  to  weakly  concave,  and  steeply 
descending;  posterior  margin  short,  ir- 
regularly convex,  forming  slight  truncation 
and  rather  sharply  pointed  outline  at 
junction  with  ventral  margin.  Sculpture 
consisting  of  incised,  fine  concentric 
lirations,  intercalated  and  stronger  along 
posterior  dorsal  slope;  no  true  radial 
sculpture;  lirations  imparting  silky,  sheen- 
like appearance  to  external  surface  of 
valves.  Posterior  ridge  in  both  \alves  weak 
and  rounded. 

Ligament  short,  yellowish  brown  to 
black,  protuberant,  and  set  in  rather  wide, 
lanceolate  escutcheon;  lunule  indistinct, 
elongate,  lanceolate,  stronger  in  left  valve. 
Hinge  well  developed.  In  left  valve,  car- 
dinal complex  consisting  of  anterior  strong, 
deltoid  bifid  tooth  with  subequal  lobes,  and 
of  posterior,  thin,  oblique  laminate  tooth; 
lateral  teeth  consisting  of  distal  thickenings 
of  hinge  line.  In  right  valve,  cardinal  com- 
plex consisting  of  anterior,  strong,  laminate 
tooth,  and  of  posterior,  somewhat  skewed, 
subdeltoid  bifid  tooth  with  subequal  lobes; 
anterior  lateral  tooth  distal,  strong,  up- 
curled  and  shelf-like;  posterior  lateral  tooth 
distal,  blunt,  and  socketed  above. 


Muscle  scars  moderately  well  impressed. 
Anterior  adductor  scar  rounded  ventrally, 
irregularh-  semilunate;  posterior  adductor 
scar  irregularly  subquadrate.  Pallial  sinus 
equal  in  opposite  valves,  rising  slightl\-  pos- 
teriorly, gently  pointed  in  apex  beneath 
umbo,  gently  descending  in  straight  or  con- 
cave arcuation,  rounded  or  sharply  falling 
to  pallial  line  anteriorly;  not  readiing  an- 
terior adductor  muscle  scar,  and  coalescent 
with  pallial  line  for  more  than  three- 
quarters  its  \entral  length.  Cruciform 
muscle  scars  closely  juxtaposed,  near  ven- 
tral margin,  and  rounded  except  for  sub- 
rectangular  left  anterior  scar.  Shell  salmon 
pink,  dark  red,  apricot  or  white;  sometimes 
rayed  or  banded;  internally  shining, 
polished,  and  suffused  with  pink. 

Length   Height   Width 
mm  mm        mm 

18.6  09.9  05.0  off  Nonoti  River,  Natal 

17.3  09.6  04.8  off  Flat  Rock,  Natal 
15.5  08.5  04.2  Holotvpe  of  vidalensis 

10.4  05.2  02.4  off   Flat   Rock,   Natal 

Remarks.  Tellina  vidalensis  is  a  rather 
heavily  shelled  species.  It  has  regular 
lirate  sculpture,  which  imparts  a  sheen-like 
appearance  to  the  external  surface  of  the 
valves.  As  illustrated  in  the  figures,  the 
concentric  sculpture  becomes  stronger 
along  the  posterior  dorsal  slope. 

The  species  is  relatively  easily  distin- 
guished from  other  small  tellens  in  South 
Africa.  T.  gilchrisfi  is  more  thinly  shelled, 
with  more  pointed  and  conspicuous  umbos; 
it  has  a  longer  posterior  portion.  T. 
natalensis  is  comparatively  fragile,  and  its 
right  anterior  lateral  tooth  is  closely  juxta- 
posed to  the  cardinal  complex,  and  T. 
prismatica  has  the  pallial  sinus  coalescent 
with  the  anterior  adductor  muscle  scar. 
In  T.  vidalens'is,  a  left  posterior  lateral 
tooth  is  developed  as  a  small,  somewhat 
pointed,  distal  thickening  of  the  hinge  line 
posterior  to   the   ligament. 

Since  the  nature  of  the  pallial  sinus,  the 
structure  of  the  sculpture,  and  the  form 
and  strength  of  the  shell  are  very  similar, 
there  is,  no  doubt,  a  relationship  between 
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Plate  16.  Fig.  1.  Paratype  of  Tel/ino  [Moerella]  gilchristi  Sowerby:  external  view  of  the  left  valve,  sfiowing  strength  of 
concentric  lirations  anteriorly,  off  Cape  Point,  South  Africa,  SAM  14751  (length  z=  24.8  mm).  Figs.  2-4.  Holotype  of  Tellina 
[Moerella)  vidalensis  Sowerby,  off  Cape  Vidal,  Zululand,  SAM  14848  (length  =:  15.5  mm):  Fig.  2,  external  view  of  the  right 
valve;  Fig.  3,  internal  view  of  the  right  valve;  Fig.  4,  internal  view  of  the  left  valve,  to  show  development  of  posterior  lateral 
tooth.  Fig.  5.  Tellina  (Moere//a)  vidalensis  Sowerby:  external  surface  of  left  valve  to  show  strength  of  sculpture,  off  Nonoti 
River,    Natal,    UCT-63F    (length  =  13.5    mm). 


T.  donacina  of  European  water.s — the  type- 
species  of  Moerella — and  T.  vidalcnsis.  The 
former  attains  a  slightly  larger  size,  is  less 
pointed  posteriorly  and  somewhat  higher 
in  proportion,  and  its  right  anterior  lateral 
tooth  is  closer  to  the  cardinal  complex. 

As  noted  by  Barnard  (1964  b),  the 
record  of  the  occurrence  of  T.  vidalcnsis 
at  Valdivia  Station  100  in  Francis  Bay 
(Thiele  and  Jaeckel,  1931)  is  questionable. 
However,  the  specimens  collected  by 
Stimpson  in  1853  from  False  Bay,  cited  by 


Bartsch  ( 1915 ) ,  and  referred  to  T.  g^ilchristi 
by  Barnard,  are  without  doubt  T.  vidal- 
ensis. 

The  identity  and  status  of  many  of  these 
smaller  tellens  may  remain  a  mystery  for 
some  time  to  come.  I  have  no  doubt  that, 
for  example,  T.  vidalcnsis  is  much  more 
widely  distributed  in  Indo-Pacific  waters 
than  the  present  record  indicates.  But 
larger  series  of  specimens  of  small,  shallow 
water  species  from  widely  different  areas 
are  not  presently  available.    For  example, 
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Plate  17.  Diagrammatic  illustrations  of  the  internal  surface  of  the  valves,  showing  the  dental  configuration  and  muscle 
scars.  Figs.  1  and  2.  Tellina  [Moerella]  v/do/ens/s  Sowerby,  off  Cape  Vidal,  Zululand,  SAM  14848  (length  =:  15.7  mm): 
Fig.  1,  right  valve;  Fig.  2,  left  valve.  Figs.  3  and  4.  Tellina  [Moerella]  gilchristi  Sowerby,  off  Kowie,  South  Africa,  SAM 
11491  (length  zr  14.6  mm):  Fig.  3,  right  valve;  Fig.  4,  left  valve.  Figs.  5  and  6.  Tellina  [Arcopagia]  yemenensis  Melvill, 
Durban,    DM:    Fig.    5,    right    valve    (lengths:  14.5    mm);    Fig.    6,    left  valve   (length  =:  13.5  mm). 


in  the  Caribbean  area,  T.  sijharitica  Dall 
can  hardl\-  he  separated  from  T.  vidalensis 
of  small  size,  yet  T.  sijharitica  is  usually 
thinner  and  never  attains  the  overall  size 
of  adult  T.  vidaJensis. 

Ratif^e.  Tellina  vidalensis  is  predomi- 
nantly an  offshore  warm  water  species 
found  along  the  Natal  and  Zululand  coast 
of  South  Africa  in  depths  to  40  fathoms,  in 
coarse  sandy  or  muddy  substrates. 

Specimens    examined.    REPUBLIC    OF 


SOUTH  AFRICA:  False  Bay,  Cape  Prov- 
ince (USNM);  off  Umhlanga  River  in 
22-26  fms.;  off  Umhloli  River  in  40  fms. 
(Barnard,  1964b);  off  Morewood  Cove  in 
27  fms.  (SAM);  off  Flat  Rock  in  57  m 
(29°19.1'S;  31"26.8'E);  off  Nonoti  River 
in  38  m  (29°21.6'S;  31°35.7'E)  (both 
UCT);  off  Tugela  River,  Zululand,  in  37 
fms.  (Barnard,  1964b);  off  Cape  Vidal, 
near  St.  Lucia  Bay,  Zululand  in  13  fms. 
(SAM). 
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Tellina  iMoerella)  gilchristi  Sowerby 

Plate  16,  figure  1;  Plate  17,  figures  3,  4; 
Plate  18,  figures  1,2. 

Tellina  gilchristi  Sowerby  1904,  Marine  In\e.sti- 
gations  South  Africa,  4:  12,  pi.  7,  fig.  3  ( t>pe- 
localit>',  off  Cape  Point  Lightliouse,  NW  by  W, 
11  3  4  miles,  in  45  fathoms:  holotype,  BMXH 
1904.12.23.156). 

Tellina  becki  Turton  1932,  The  marine  shells 
of  Port  Alfred,  p.  247,  pi.  66,  no.  1741  (type- 
locality,  Port  Alfred;   holotype,   ?   Oxford). 

De.^cription.  Shell  extending  to  27  mm 
in  length  and  to  16  mm  in  height,  elongate- 
sublanceolate,  inequilateral,  equivalve.  frag- 
ile to  subsolid,  rather  compressed,  with 
vahes  of  near  equal  convexity  and  with  a 
slight  flexure  to  right  posteriorly.  Umbo 
behind  middle,  small,  pointed,  rather  incon- 
spicuous, and  not  elevated;  umbonal  cavity 
shallow.  Anterior  margin  rather  broadly 
and  smoothly  rounded;  ventral  margins 
slightly  convex  and  rising  behind;  anterior 
dorsal  margin  long,  straight,  slightly  con- 
vex, and  gently  descending;  posterior  dorsal 
margin  short,  rather  steeply  descending, 
and  straight  to  slightly  concave;  posterior 
margin  oblique,  short,  biangulate,  and 
forming  slightl\-  pointed  posterior  outline. 
Sculpture  consisting  of  finely  incised  con- 
centric sulcations  (about  8-12  per  mm); 
intercalated  lamellations  present  on  pos- 
terior dorsal  surface  of  each  valve;  sculpture 
stronger  on  right  valve;  no  true  radial 
sculpture.  Posterior  ridge  slightly  de- 
veloped in  right  valve,  ending  at  posterior 
ventral  biangulation. 

Ligament  yellowish  bro\Mi  in  color, 
rather  strong,  protuberant,  weakly  set  in 
indistinct,  sublanceolate  escutcheon;  no 
true  lunule  present;  calcareous  portion  of 
ligament  subtended  by  variously  developed 
nymphal  callosity,  stronger  in  right  valve. 
Hinge  line  moderately  well  developed.  In 
left  valve,  cardinal  complex  consisting  of 
anterior,  narrow,  bifid  tooth  with  subequal 
lobes,  and  of  elongate,  posterior,  thin  lami- 
nate tooth;  anterior  lateral  tooth  obsolete, 
consisting  of  subproximal  thickening  of 
hinge  Ime;  posterior  lateral  tooth  small, 
shelf-like,  short,  and  pointed  laterally.    In 


right  valve,  cardinal  complex  consisting  of 
posterior,  narrow,  bifid  tooth,  subequal 
lobes,  and  of  anterior  small,  relatively  thin, 
subdeltoid  tooth;  anterior  lateral  tooth 
subproximal  to  cardinal  complex,  elongate, 
shelf-like,  thin,  socketed  above,  and  up- 
curled;  posterior  lateral  tooth,  distal,  shelf- 
like, narrow,  pointed,  socketed  above,  and 
upcurled. 

Muscle  scars  moderately  well  impressed. 
Posterior  adductor  scar  irregularly  sub- 
rectangulate;  anterior  adductor  muscle  scar 
irregularly  semilunate.  Pallial  sinus  equal 
in  both  valves,  rising  gently  behind,  apex 
pointed,  gently  descending  anteriorly,  form- 
ing a  concave  arcuation  ventrally  before 
uniting  with  pallial  line.  Pallial  sinus  well 
separated  from  anterior  adductor  muscle 
scar.  Cruciform  muscle  scars  rounded  ex- 
cept for  right  anterior  rectangular  scar. 
Color  basically  white,  suffused  or  banded 
with  red  or  pink. 

Length   Height  Width 


27.0 

15.5 

06.0 

( Barnard ) 

24.8 

14.3 

05.5 

Cape  Point 

1S.7 

10.1 

04.0 

False  Bay 

15.7 

08.5 

03.2 

False  Bay 

13.2 

08.8 

02.9 

off  Kovvie 

10.1 

05.5 

02.1 

False  Bay 

08.9 

05.0 

01.8 

False  Bay 

Remarks.  Probably  the  greatest  variation 
exhibited  by  this  species  is  its  color  pattern. 
The  reds  or  pinks  vary  in  intensity  and 
they  may  be  arranged  in  rays  or  bands. 
Rarely  pure  white  individuals  occur.  Tlie 
incised  sculpture  of  the  disc  may  be  re- 
placed by  raised  intercalated  lirations  on 
the  posterior  slope — particularly  in  the 
right  valve. 

The  South  African  species  that  is  most 
closely  related  to  T.  gilchristi  is  T. 
onologica.  The  former  is  distinct  in  its 
proportionately  more  narrow  and  elongate 
foiTn,  in  its  tendenc\'  to  be  somewhat 
pointed  posteriorly  rather  than  broadly  and 
obliquely  truncated,  and  in  its  usual  red- 
pink  coloration. 

Tlie  species  apparently  occurs  in  con- 
siderable  abundance   in   False   Bav    (Bar- 
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nard,  1964b;  Dell,  19&4).  The  University 
of  Cape  Town's  Ecological  Surve\'  took 
the  species  at  numerous  stations  in  the  Ba>-; 
living  individuals  were  always  found  in 
depths  beyond  10  m  and  most  often  oc- 
curred in  fine  green  or  khaki  sands  \\ith 
some  shell  inclusions.  It  has  been  taken 
alive  in  depths  of  at  least  87  m. 

T.  s,iJc1iri.sfi  is  very  closeh'  related  to  T. 
pulchcUa  from  the  Mediterranean.  How- 
ever, the  latter  is  more  elongate  and 
pointed  behind  and  attains  a  greater 
maximum  size. 

The  West  African  T.  nibicincfa  Romer^ 
is  ver\-  closely  related  to  T.  gilchiisti. 
Nickles  ( 1955 )  cites  the  West  African 
literature,  lists  a  number  of  stations  at 
which  nibicincta  occurs,  and  gives  as  its 
range,  Mauritania  to  x\ngola.  Not  enough 
material  from  west  Africa  was  available 
for  stud\'  and  I  have  seen  no  specimens  of 
gilchiisti  from  north  of  St.  Helena  Bay,  in 
which  case  there  may  be  a  complete  geo- 
graphical separation  of  gilchristi  and  riibi- 
cincfo.  There  is  some  indication  that 
nibicincta  is  more  tumid  and  more  strongh' 
sculptured  on  the  right  posterior  dorsal 
slope  than  gilchristi. 

Barnard  ( 1964b )  thought  that  the  speci- 
men collected  by  Stimpson  in  1853  and 
referred  to  as  T.  vidalensis  by  Bartsch 
(1915)  w^as  really  T.  gilchristi.  This  speci- 
men (USNM  no.  66),  from  False  Bay, 
Cape  of  Cood  Hope,  is  truly  T.  lidolensis 
iq.v.). 

Range.  T.  gilchristi  is  found  in  the  cool 
waters  of  South  Africa  from  St.  Helena 
Bay  to  off  Port  Alfred.  Thiele  and 
Jaeckel's  ( 1931 )  record  from  Great  Fish 
Bay,    Angola,    extends    its    range    north, 


^  Romer's  (1870:  32)  spelling  nibicincta  is 
herein  construed  as  the  ne.xt  available  synonym  for 
Gould's  ruhicunda.  The  references  of  Tomlin  and 
Shackleford  (1915)  and  Sahsbury  (1934)  to  a 
"rubicincta  Gould  1845"  are  unfounded.  The  cor- 
rect citation  is:  Tellina  rubicunda  Gould  1845, 
Proc.  Boston  Soc.  Xat.  Hist.,  2:  37  ( t>'pe-local- 
it>-,  Liberia;  holotype,  MCZ  169346);  1862,  Otia 
Conch.,  p.  196;  Johnson  1964,  Bull.  U.  S.  Nat. 
Mus.,  239:   142,  pi.  24,  fig.  4,  non  R5ding  1798. 


though  I  have  not  seen  the  \'ALDIVIA 
specimens.  Boshoff's  record  (1965)  from 
the  north  point  lighthouse  (Farol)  at  In- 
haca,  Mozambique,  is  doubtful. 

Specimens  examined.  REPUBLIC  OF 
SOUTH  AFRICA:  St.  Helena  Bav,  in  69 
m  (UCT);  Saldanha  Bay,  in  16  m  '(UCT); 
Langebaan  Lagoon,  Saldanha  Bav  (UCT); 
off  Duvker  Point,  in  84  m  (UCT);  Buffcls 
Bay  (SAM);  off  Green  Point  (SAM);  off 
Cape  Point  (SAM);  False  Bay,  in  3.3-84 
m  (UCT);  off  Cape  Infanta,  St.  Sebastian 
Bay  (UCT);  Aguilhas  Bank  (MCZ);  off 
Cape  St.  Blaize,  Mossel  Bay  (SAM);  St. 
Francis  Ba\';  Algoa  Bay;  off  False  Island 
and  Nanquas  Peak,  Algoa  Bay  (after  Bar- 
nard, 1964b);  off  Kowie  or  Port  Alfred 
(MCZ;  SAM). 

Tellina  (Moerella)  analogica  Sowerby 
Plate  18,  figures  3,  4;  Plate  19,  figure  1. 

Tellina  analogica  Sowerby  1904,  Marine  In- 
vestigations South  Africa,  4:  12,  pi.  7,  fig.  4  (t>pe- 
locality,  Constable  Hill  (Saldanha  Bay)  SE  by  E, 
10   miles;   holotype,   not  known). 

Description.  Shell  extending  to  22  mm 
in  length  and  to  15  mm  in  height,  subtri- 
gonal  to  subrectangular,  subsolid,  inequi- 
lateral, nearly  equivalve,  with  left  valve 
slightly  more  convex  and  with  posterior 
flexure  to  right.  Umbos  behind  middle, 
small,  not  conspicuous,  bluntly  pointed, 
and  opisthogyrous.  Anterior  margin  some- 
\\hat  narrowly  rounded  and  convex;  ven- 
tral margin  straight  to  weakly  convex,  rising 
slightly  posteriorly;  anterior  dorsal  margin 
long,  genth'  descending,  more  or  less 
straight;  posterior  dorsal  margin  short, 
straight,  and  steeply  descending;  posterior 
margin  usually  biangulate,  short,  forming 
irregularly  steep,  blunt  truncation.  Sculp- 
ture consisting  of  fine,  incised,  concentric 
lirations  and  of  extremeb-  fine,  radial  ver- 
miculations;  concentric  growth  lines  evi- 
dent. Posterior  ridge  weak,  extending  to 
basal  junction  of  posterior  and  ventral 
margins. 

Ligament  \ellow-brown.  moderately  well 
developed,    short,    protuberant,    set    upon. 
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Plate  18.  Figs.  1  and  2.  Parotype  of  Te//ino  (Moere/la)  g/lchnsti  Sowerby,  off  Cape  Point,  South  Africa,  SAM  14751  (length 
=  18  8  mm)-  Fig  1  external  view  of  the  left  valve;  Fig.  2,  internal  view  of  the  right  valve.  Figs.  3  and  4.  Te//ina  (A4oe- 
relh]  analogica  Sowerby,  Baboon  Point,  Saldanha  Bay,  SAM  14996  (length  =  18.3  mm):  Fig.  3,  external  view  of  the  left 
valve;  Fig.  4,  internal  view  of  the  right  valve. 


slightly  raised,  short  ininphal  callosities; 
escutcheon  and  lunule  indistinct,  obscure, 
elongate,  and  lanceolate.  Hinge  hne  mod- 
erately developed.  In  left  valve,  cardinal 
complex  consisting  of  anterior,  protuberant, 
narrowed  bifid  tooth  with  subequal  lobes, 
and  of  posterior  oblique,  elongate,  thin 
laminate  tooth  adpressed  to  base  of 
nymphal  callosity;  no  true  lateral  teeth,  but 
hinge  line  slightly  thickened  anteriorly  and 
posteriorly.  In  right  valve,  cardinal  complex 
consisting  of  posterior,  very  narrow,  bifid 
tooth  with  subequal  lobes  and  of  anterior 
somewhat  thickened  laminate  tooth;  pos- 
terior lateral  tooth  distal,  shelf-like,  pointed, 
with  small  socket  above;  anterior  lateral 
tooth  stronger,  more  proximal  to  cardinal 
complex,  upcurled,  pointed,  socketed,  with 
central  flange  contiguous  with  anterior 
laminate  cardinal  tooth. 

Muscle  scars  moderately  impressed.  An- 
terior   adductor    muscle    scar    irregularh 


oval;  posterior  adductor  muscle  scar  ir- 
regularly subquadrate.  Pallial  sinus  equal 
in  both  valves,  rising  rather  steeply  pos- 
teriorly, rounded  dorsally,  gently  descend- 
ing in  irregular  convex  arcuation,  rounded 
anteriorK'  and  recurving  to  unite  with 
pallial  line  basally;  confluence  extensive, 
over  three  quarters  of  ventral  length  of 
pallial  line;  pallial  sinus  well  separated 
from  anterior  adductor  muscle  scar.  Cruci- 
form muscle  scars  obscure,  irregularly 
rounded,  small,  far  posterior,  and  close  to 
shell  margin.  White,  shining,  with  rather 
chalky  texture;  some  specimens  with  gray- 
ish dehiscent  periostracum  peripherally; 
marked  subpcllucid  concentric  bands. 


Length   Height  Width 
mm  mm        mm 


22.1 

14.6 

06.5 

Baboon  Point,  Saldanha  Bay 

21.5 

14.0 

05.5 

holotype  of  analogica 

18.7 

11.9 

05.2 

off    Bottel    Fontein,    Hc4ena 
Bay 

16.. 3 

in.  I 

Baboon  Point,  Saldanha  Bay 
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Plate  19.  Diagrammatic  illustrations  of  the  internal  surface  of  tfie  valves,  showing  the  dental  configuration  and  muscle 
scars  of  the  right  valve.  Fig.  1.  Tellina  (Moerella)  analogica  Sowerby,  Baboon  Point,  Saldanho  Bay,  South  Africa,  SAM 
14996  (length  =  19.1  mm).  Fig.  2.  7e//ino  (Fafau//no)  tabula  Gmelin,  '•Natal"  [in  error],  SAM  A30016  (length  =  19.5 
mm).  Fig.  3.  Macoma  [Scissulina]  dispar  (Conrad),  Goh  Sindarar  Nua,  Thailand,  USNM  661365  (length  =  16.9  mm). 
Fig.  4.  HeterodonoK  ludwigii  (Krauss),  Delagoa  Bay,  Mozambique,     SAM    A30021    (length  ^  15.8    mm). 


Remarks.  The  whereal:)Outs  of  the  holo- 
t>pe  of  TcUina  analo'^ica  Sowerby  is  un- 
known. Barnard  ( 1964b )  eould  not  find 
the  type,  and  it  is  not  in  the  type  collection 
of  the  British  Museum   (Natural  History). 

Since  only  a  relatively  few  specimens 
are  known,  it  appears  that  this  species  is 
quite  rare.  Both  Sowerby  (1904)  and 
Barnard  (1964b)  have  pointed  out  that 
r.  analogica  is  closely  allied  to  T.  gilchrisfi, 
and  Barnard  even  suggested  that  they 
might  be  indistinguishable  and  synony- 
mous. The  species  are  sympatric  and  very 
closely  related;  their  hinge  elements, 
especially  the  lateral  teeth,  and  the  con- 
figuration of  their  pallial  scars  are  virtually 
the  same.  But  the  few  specimens  available 
seem  quite  distinct  from  T.  gilchristi.  Al- 
though   the    outline    of    the    valves    varies 


from  subtrigonal  to  subrectangular,  T. 
analogica  is  proportionately  higher  and 
wider  that  gilchristi.  The  posterior  trun- 
cation of  analogica  is  more  blunt  and 
usually  biangulate,  while  in  gilchristi  the 
posterior  end  appears  to  be  more  distinctly 
pointed.  Further,  the  shell  of  analogica  is 
white,  whereas  gilchristi  is  normally  rayed 
or  banded  with  pink  or  red.  White  indi- 
viduals of  the  latter  have  the  usual  longer 
dimensions,  a  narrowed  posterior  aspect, 
and  are  distinguishable  from  analogica. 

Range.  Tellina  analogica  is  a  southwest 
African  species  living  in  depths  to  160  m 
in  soft  substrates  from  north  of  Liideritz 
Bay  to  Saldanha  Bay,  Cape  Province.  Dell 
( 1964 )  reported  it  from  Tristan  da  Cunha 
in  40  m. 

Specimens    examined.    REPUBLIC    OF 
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SOUTH  AFRICA:  26°32'S;  14°50'E,  N  of 
Liideritz  Bay  in  160  m  (UCT);  32°24'S; 
18°07'E,  NW  of  Bottel  Fontein,  Helena 
Bay  in  69  m;  33°02'S;  17°58.9'E,  Saldanha 
Bay,  in  16  m  (UCT);  off  Baboon  Point, 
Saldanha  Bay  in  31  fms.  (57  m)   (SAM). 

Subgenus  Angulus  Megerle  von  Muhlfeld 

Angtihts  Megerle  von  Muhlfeld  1811,  Gesell- 
scliaft  Naturforschender  Freunde  Berlin,  Magazin, 
5:  57  (type-species,  Tellina  lanceohia  Gmelin 
1791,  subsequent  designation.  Gray  1847,  p.  186). 

Oiidardia  Monterosato  1884,  Nomenclatura 
generica  e  specifica  di  alcune  Conchiglie  Medi- 
terranee,  Palermo,  p.  22  (type-species,  Tellina 
oiidaidii  Payraudeau  1826  [=  T.  compressa 
Brocchi   1814],  original  designation). 

Moerclla  'Fischer'  Gardner  1928,  U.  S.  Geol. 
Sur.,  Prof.  Paper  142-E:   195,  non  Fischer  1887. 

Anbuhis  Megerle  von  Miihlfeld.  McLean  1951, 
New  York  Acad.  Sci.,  Scientific  Survey  of  Porto 
Rico  and  Virgin  Islands,  17  ( 1 ) :  96,  error  for 
Angulus. 

Description.  Shell  small  to  medium  in 
size,  fragile  to  solid,  ovate  to  elliptical  in 
shape,  with  the  left  valve  generally  more 
convex  and  with  a  flexure  to  the  right 
posteriorly.  Sculpture  primarily  concentric 
and  weakly  incised  over  the  surface  of  the 
valves;  rarely  differentiated  along  the  pos- 
terior dorsal  slope.  Hinge  without  lateral 
dentition  in  the  left  valve.  Right  valve  with 
the  anterior  lateral  tooth  adjacent  to  the 
cardinal  complex  and  with  an  obsolete 
posterior  lateral  tubercle.  Pallial  sinus 
generally  extensive,  confluent  with  the 
pallial  line  for  much  of  its  ventral  length. 

Numerous  interpretations  of  Angidii.s 
have  been  utilized — none  perhaps  as 
ambiguous-  and  as  broad  as  that  of  Megerle 
von  Muhlfeld  (1811).  In  designating  a 
type-species,  Gray  (1847)  diminished  the 
original  extent  of  An[!,uhis.  Salisbury  ( 1934) 
went  so  far  as  to  claim  that  only  two 
species  belonged  to  the  group  .sen.su  stricto 
— the  type-species  T.  Innceolata  Gmelin, 
and  another,  probably  synonymous,  T. 
armata  Sowerby.  Yet  Salisbury  used 
Angulus  at  least  five  times  in  naming  the 
species  he  figured.  Some  authors  (Gard- 
ner, 1928;  Olsson  and  Harbison,  1953 )  have 


used  Moevella  for  species  that  had  pre- 
viously been  placed  in  Angulus.  Admittedly 
the  interpretation  of  the  dental  configu- 
ration is  most  important,  and  MoereUa, 
with  T.  donacina  Linnaeus  as  type-species, 
has  a  strong  right  posterior  lateral  tooth. 
Angulus,  then,  is  reserved  for  those  species 
with  that  tooth  weak,  obsolete,  or  absent. 
Nevertheless,  the  system  is  still  unsatis- 
factory, because  the  posterior  lateral  den- 
tition is  difficult,  if  not  impossible,  to 
quantify. 

Tellina  (Angulus)  canonica  Salisbury 

Plate  14,  figure  4;  Plate  20,  figures  1,  2. 

Tellina  regularis  Smith  1904,  Jour.  Malacology, 
11  (2):  25,  39,  pi.  3,  fig.  18  (type-locality,  Port 
Alfred,  Cape  Colony;  syntypes,  BMNH  1903.12.- 
19.1281-95),  non  Carpenter  1855. 

Tellina  canonica  Salisbury  1934,  Proc.  Make. 
Soc.  London,  21  (2):  86,  new  name  for  T. 
regularis  Smith   1904,  non  Carpenter   1855. 

Description.  Shell  extending  to  14  mm  in 
length  and  to  10  mm  in  height,  subrectan- 
gular  to  suboval,  inequilateral,  equivalve, 
fragile  to  subsolid,  compressed,  with  weak 
posterior  flexure  to  right.  Umbos  behind 
middle,  small,  inconspicuous,  pointed,  opis- 
thogyrous,  and  not  inflated  or  elevated. 
Anterior  margin  broadly  to  narrowly 
rounded;  ventral  margin  gently  convex, 
rising  slightly  posteriorly;  anterior  dorsal 
margin  long,  gently  descending,  and 
usually  straight;  posterior  dorsal  margin 
short,  steeply  descending,  and  straight; 
posterior  margin  short,  straight  to  weakly 
convex,  and  forming  broad,  blunt,  oblique 
truncation.  Sculpture  consisting  of  con- 
centric, closely  spaced,  incised  lirations 
tending  to  become  somewhat  acentric 
peripherally  and  obsolete  posteriorly  in  left 
valve,  and  of  fine  obsolete  radial  vermic- 
ulations.  Posterior  ridge  absent,  indistinct, 
or  weak. 

Ligament  yellow-brown,  protuberant, 
short,  not  well  developed,  set  in  weak, 
lanceolate  escutcheon;  lunule  lanceolate, 
long,  weak,  and  indistinct,  but  stronger  in 
left  valve;   internal   extension   of  ligament 
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present  and  subtending  low,  indistinct 
nymphal  callosities.  Hinge  with  rather  frag- 
ile dentition.  In  left  valve,  cardinal  complex 
consisting  of  anterior,  weak,  narrow  bifid 
tooth  with  subequal  lobes,  and  of  posterior, 
thin,  laminate  tooth  subtending  oblique 
lateral  internal  ligament  and  often  broken 
or  lost;  lateral  teeth  absent  or  obsolete, 
consisting  of  distal,  weak  thickenings  of 
hinge  line.  In  right  valve,  cardinal  com- 
plex consisting  of  posterior,  narrow,  weak, 
elongate,  bifid  tooth  with  subequal  lobes, 
and  of  anterior  short,  protuberant,  some- 
what thickened  laminate  tooth;  anterior 
lateral  tooth  strong,  shelf-like,  protuberant, 
subproximal  to  cardinal  complex,  and 
weakly  upturned;  posterior  lateral  tooth 
distal,  weak,  laminate,  and  socketed  above. 
Muscle  scars  weakly  impressed.  Anterior 
adductor  muscle  scar  flattened  dorsally 
and  rounded  ventrally;  posterior  adductor 
muscle  scar  irregularly  subrectangular. 
Pallial  sinus  more  or  less  equal  in  both 
valves,  rising  only  slightly  posteriorly, 
weakly  convex  dorsally,  irregularly  de- 
scending, roundh'  pointed  anteriorly,  well 
separated  from  anterior  adductor  muscle 
scar  and  recurving  basally  to  unite  with 
pallial  line  for  about  three  quarters  of  its 
ventral  length.  Cruciform  muscle  scars 
irregularly  rounded,  closely  juxtaposed  with 
right  anterior  subrectangular  scar.  Color 
white  with  central  suffusions  of  yellow, 
pellucid,  shining  and  polished  internally. 


Length  Height  Width 

mm  mm  mm 

14.5  10.1  — 

14.0  10.0  04.5 

11.0  07.8  — 

10.1  07.4  03.8 
07.1  05.2  02.5 


Port  Alfred,   near  Grahams- 
town 
syntype  of  rcgularis 
Still  Bay 
East  London 
East  London 

Remarks.  TclJina  canonica  appears  to  be 
rather  rare.  Its  most  variable  character- 
istic is  the  outline  of  the  valves.  Though  it 
is  usually  somewhat  subrectangular,  with 
an  oblique  posterior  truncation,  short  speci- 
mens tend  to  be  oval,  with  a  broadly 
arcuate  anterior  margin  and  a  short  convex 
ventral    margin.     Typically    the    shell    is 


suffused  centrally  with  yellow,  but  this 
coloration  may  be  completely  lacking,  in 
which  case  the  shell  is  simply  a  pellucid 
white. 

The  unique,  minute  internal  ligament, 
which  is  a  ventral  oblique  branch  of  the 
anterior  portion  of  the  larger  external  liga- 
ment, distinguishes  T.  canonica  from  other 
South  African  tellinids.  This  structure  is 
quite  similar  to  the  configuration  encoun- 
tered in  T.  (CadcIIa)  semen  and  can  even 
be  compared  to  the  internal  ligament  of 
the  semelid  ScmcJanfinhis.  A  strong,  distinct 
internal  resilium,  resting  on  a  chondrophore, 
characterizes  the  family  Semelidae.  Both 
T.  canonica  and  T.  semen  exhibit  an  incip- 
ient internal  ligament  and,  in  this  respect, 
converge  with  each  other  as  well  as  with 
the  Semelidae. 

Tellina  canonica  is  included  in  AnfiuJus 
since  it  has  the  anguloid  facies  of  a  poorly 
developed  or  obsolete  right  posterior  lat- 
eral tooth  and  of  a  thin,  shelf-like,  right 
anterior  lateral  tooth  closely  juxtaposed  to 
the  cardinal  complex.  Along  with  a  num- 
ber of  other  closely  related  tellens — the 
T.  nitila  Dunker  complex  of  the  Indo- 
Pacific,  T.  tenuis  da  Costa  in  the  eastern 
Atlantic,  T.  tampaensis  Conrad,  T.  mera 
Say,  and  T.  paramera  Boss  in  the  western 
Atlantic,  and  T.  snffusa  Dall  and  T. 
meropsis  Dall  of  the  eastern  Pacific — T. 
canonica  departs  in  its  subrectangular- 
subovate,  subtrigonal  shape  from  the  typi- 
cally elongate-lanceolate  anguloids,  as  seen 
in  the  type-species  of  Angulus,  T.  lanceo- 
lata. 

Martin  ( 1956;  1962 )  found  this  species 
in  Pleistocene  deposits  at  Sedgefield,  west 
of  Knysna. 

Range.  In  South  Africa,  this  species 
occurs  from  Still  Bay  to  East  London. 
Barnard  ( 1964b )  recorded  it  from  Port 
Elizabeth  and  Jeffreys  Bay.  Boshoff  ( 1965) 
found  it  among  Cijmodocea  near  Ilha  des 
Portugueses,  Inhaca,  Mozambique.  Evi- 
dently it  prefers  soft  substrates  like  black 
mud,  although  it  has  been  taken  in  sand 
(van  Bruggen,  1962). 
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Specimens  examined.  REPUBLIC  OF 
SOUTH  AFRICA:  False  Bav  in  IS  m 
(UCT);  Still  Bav  (SAM);  Sedgefield 
(SAM);  Port  Alfred  (BMNH;  MCZ;  SAM; 
USNM);  East  London  (NM). 

Species  Incorrectly  Placed  in  the  Tellininae 

At  least  two  well-known  tellinacean  bi- 
valves in  South  Africa  have  been  treated 
frequently  and  incorrectly  in  the  genus 
Tellina.  They  are  discussed  in  the  follow- 
ing section. 

tAocoma  iScissulina)  dispar  (Conrad) 
Plate  19,  figure  3;  Plate  20,  figure  3. 

Tellina  dispar  Conrad  1837,  Jour.  Acad.  Nat. 
Sci.  Philadelphia,  7:  259  (type-locality,  inhabits 
the  Sandwich  Islands  [Hawaiian  Islands]:  type, 
not  found  in  AXSP;  not  hsted  in  Moore,   1962). 

Tellina  fahula  var.  major  Krauss  1848,  Die 
siidafrikanischen  Mollusken,  p.  3  (type-locality, 
in  der  Xatalbai;   types,  ?  Stuttgart).^ 

Tellina  (Fabulina)  dispar  Conrad.  Bertin 
1878,  Nouv.  Arch.  Mus.  Nad.  Hist.  Xat.  Paris, 
1:  277,  no.  117. 

Tellina  (Scissulina)  dispar  Conrad.  Dall  1924. 
Proc.  Biol.   Soc.  Washington,  37:   88. 

Tellina  fahula  'Gmelin'  Turton  1932,  The 
marine  shells  of  Port  Alfred,  South  Africa,  p.  248, 
pi.  67,  no.  1751,  non  Gmelin  1791. 

De.scription.  Shell  extending  to  33  mm  in 
length  and  to  23  mm  in  height,  elongate  to 
subrectangular,  slightly  inequilateral,  in- 
equivalve,  subsolid,  slightly  inflated,  with 
left  valve  of  greater  convexity  than  right 
and  wdth  definitive  posterior  flexure  to 
right.  Umbos  sHghtly  behind  middle, 
rounded,  not  elevated,  blunt,  and  slightly 
inflated.  Anterior  margin  broadly  and 
smoothly  rounded;  ventral  margin  gently 
convex  rising  in  arcuation  posteriorly;  an- 
terior dorsal  margin  long,  gently  descend- 
ing   and    gently    convex;    posterior    dorsal 


^  It  cannot  be  certain  that  Krauss's  specimens 
from  Natal  Bay  were  M.  dispar,  since  he  says, 
"Ich  habe  Exemplare  aus  europaischen  Meeren 
verglichen  und  kann  zwischen  diesen  und  den 
meinigen  in  Form  und  Zeichnung  nicli  den  ge- 
ringsten  Unterschied  finden,  nur  in  der  Crosse 
iibertreffen  sie  die  europaischen  ums  Doppelte." 


margin  shorter,  more  steeply  inclined, 
more  or  less  straight,  occasionally  concave; 
posterior  margin  short,  straight  to  weakl\- 
convex,  forming  blunt,  oblique  truncation. 
Sculpture  consisting  of  more  or  less  regular. 
weakly  developed  concentric  striations. 
strongest  on  anterior  and  posterior  slope 
of  right  valve;  growth  lines  sometimes  evi- 
dent; scissulate  or  acentric  sculpture  on 
right  valve  only  and  consisting  of  fineh' 
incised,  closely  set  sulcations  crossing  con- 
centric lirations  over  central  disc  of  valve; 
weak  radial  vermiculations  evident  on  left 
valve  but  no  scissulations  on  left  valve; 
weak,  gently  posterior  ridge  in  right  valve. 

Ligament  light  brown  to  black,  rather 
strong,  protuberant,  set  on  flattened  and 
slightly  raised  nymphal  callosities;  escutch- 
eon obsolete  or  absent;  weak,  indefinite 
lunule.  Hinge  line  weakly  developed.  No 
lateral  teeth.  Left  cardinal  complex  with 
anterior,  narrow,  bifid  tooth  and  posterior 
elongate,  thin,  laminate  tooth  closely  ad- 
pressed  to  base  of  nymphal  callosity;  some- 
times obsolete  or  lost.  Right  cardinal 
complex  with  posterior,  narrow,  often 
skewed,  bifid  tooth,  and  anterior,  protuber- 
ant, thickened,  subdeltoid  tooth.  Internal, 
somewhat  thickened,  anterior  rib  present 
in  both  valves. 

Muscle  scars  moderately  well  impressed. 
Anterior  adductor  muscle  scar  irregularly 
elongate   and    curved;    posterior    adductor 
muscle    scar    irregularly   rounded    to    sub- 
quadrate.    Pallial  sinus  more  or  less  equal 
in   opposite  valves,   rising  rather  abrupt!}' 
posteriorly,    arched    dorsally    beneath    the 
beaks,    descending    gently    to    unite    with 
pallial  line  in  gentle  arcuation  anteriorly. 
Pallial  sinus  extending  very  close  to  base 
of  anterior  adductor  muscle  scar,   usually 
slightly  separated  from  it,  infrequently  be- 
coming  subcoalescent.     Cruciform   muscle 
scars  difficult  to  discern,  rather  closely  set,  | 
rounded    or   sometimes    slightly    flattened,  ; 
close  to  margin  of  shell.    Color  basically  i 
white,  frequently  with  central  and  umbonal  , 
suffusions  of  yellow,  rarely  pinkish  or  pale 
orange    suffusions    umbonally;    translucent 
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Plate  20.  Figs.  1  and  2.  Tellina  [Angulus]  canonica  Salisbury,  East  London,  South  Africa,  NM  2983  (length  =z  10.2  mm); 
Fig.  1,  external  view  of  the  left  valve;  Fig.  2,  internal  viev^  of  the  right  valve.  Fig.  3.  Macoma  [Scisiulina]  dispar  (Conrad): 
external  view  of  the  right  valve,  to  show  fine  acentric  sculpture,  Santa  Carolina,  Bazaruto  Bay,  Mozambique,  MCZ  (length 
:=  26.2  mm).  Fig.  4.  Heterodonax  ludwigii  (Krauss):  external  view  of  the  right  valve,  Delagoa  Bay,  Mozambique,  SAM 
A30021    (length  =  23    mm). 


in    young    stages;     generally     shining    or 
polished  internally. 

Length  Height  Width 


32.8 

22.5 

10.3 

Hilo,  Hawaii 

31.7 

23.0 

09.7 

Hawaiian  Islands 

26.3 

17.1 

07.4 

Durban 

24.9 

16.8 

06.8 

Durban  Bluff 

22.3 

14.5 

06.2 

Cocos-Keeling  Id. 

14.2 

08.6 

03.7 

Mala  Bay,  Maui,  Hawaii 

Remarks.  The  nature  of  the  dentition  is 
of  subfamilial  importance  in  the  Tellinidae. 
The  Macominae  are  laterally  edentate, 
whereas  the  Tellininae  have  one  to  four 
variously  developed  lateral  teeth.  Notwith- 
standing the  obsolescence  or  disappearance 
of  certain   lateral   dental   elements   in   the 


Tellininae,  all  Tellininae  have  some  de- 
velopment of  the  right  anterior  lateral 
tooth,  even  though  that  tooth  may  be  al- 
most incorporated  into  the  cardinal  com- 
plex, as  in  T.  (Homalina)  trilatera  (q.v.). 
The  complete  absence  of  lateral  denti- 
tion in  S.  dispar,  and  particularly  the  lack 
of  any  evidence  of  a  right  anterior  lateral 
tooth,  indicates  that  this  species  is  not  a 
Tellina  and,  further,  that  it  is  truly  of 
macomoid  affinities.  The  species  has  been 
variously  dealt  with  in  the  literature  and 
has  been  considered  in  the  superspecific 
grouping  named  Fahulina  Gray  1851  with 
Tellina  fahula  Gmelin  as  type-species.  As 
a  matter  of  fact,  S.  dispar  has  been  con- 
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fused  with  T.  fahula  which  is  of  European 
distribution  (Forbes  and  Hanley,  1848; 
Grossu,  1962).  Barnard's  remark  (1964b: 
545)  is  ilkistrative:  "The  identification  of 
Natal  shells  with  an  Indo-Pacific  species 
is  preferable  to  identifying  them  with  a 
European  species  {fahula).  No  European 
material  is  available  for  comparison."  Un- 
fortunately, there  was  European  material 
available  to  Barnard,  but  these  specimens 
were  labelled  as  coming  from  Natal  (SAM 
A  30016 ) .  This  lot  consists  of  a  good  series 
of  specimens  of  T.  fahula  that  somehow 
were  brought  from  Europe  and  found  their 
way  into  the  collection  with  incorrect  lo- 
cality data.  There  is  no  indication  that 
T.  fahula  lives  or  ever  lived  in  South  Afri- 
can or  Indo-Pacific  waters. 

T.  fahula  and  S.  dispar  are  easily  dis- 
tinguished (see  PI.  19,  figs.  2  and  3);  the 
former  has  a  right  anterior  lateral  tooth, 
whereas  the  latter,  as  mentioned  above. 
does  not.  In  addition  to  this  fudamental 
difference,  the  shells  of  each  species  are  of 
different  shapes,  that  of  fahula  being  rather 
pointed  or  attenuate  behind,  that  of  dispar 
rather  bluntly  truncate.  Their  similarity 
consists  in  being  acentrically  sculptured  on 
the  right  valve  only,  and  is  the  result  of 
convergence  (Boss,  1966a).  This  unique 
type  of  sculpture  is  widespread  within  the 
Tellinacea  and  particularly  within  the 
Tellinidae.  Both  the  Tellininae  and  the 
Macominae  have  a  number  of  species  that 
are  scissulate.  The  very  closely  related 
macomoids,  Jacfellina  Iredale  1929  and 
Loxoglypta  Dall,  Bartsch,  and  Rehder 
1938,  exhibit  scissulate  sculpture  on  both 
right  and  left  valves.  Occasionally, 
Loxoglypta  rhomhoidcs  (Quoy  and  Gaim- 
ard)  has  been  taken  in  East  Africa, 
including  the  warm  waters  of  Natal. 

Macoma  ( Scissulina )  di.spar  lives  in  rel- 
atively shallow  water  from  below  the  low 
tide  zone  to  depths  of  up  to  10  fathoms. 
Most  often  it  is  encountered  in  calcareous 
sandy  bottoms  with  a  relatively  coarse 
texture.  Maes  ( 1967 )  found  it  commonly 
in  the  lagoons  at  Cocos-Keeling. 


Range.  Macoma  ( Scissulina )  dispar  is 
found  throughout  the  central  Indo-Pacific 
area,  from  the  coast  of  southeast  Africa  to 
as  far  east  as  the  Society  Islands  and 
the  Ha.waiian  Islands.  Although  Turton 
( 1932 )  recorded  this  species  from  Port 
Alfred,  the  southernmost  area  in  which  the 
species  has  been  collected  alive  in  South 
Africa  is  in  the  vicinity  of  Durban. 

Specimens  examined.  REPUBLIC  OF 
SOUTH  AFRICA:  (BMNH);  Durban 
(SAM;  NM);  Durban  Bluff  (NM).  MO- 
ZAMBIQUE: Santa  Carolina  Id.,  Bazaruto 
Bay  (MCZ).  MADAGASCAR:  Nosy  Sat- 
rana;  Ilampy  and  near  Ankobahahoba, 
NE  of  Ambodifototra,  He  Ste.  Marie 
(all  MCZ).  SEYCHELLES  IDS.:  (MCZ; 
USNM).  MAURITIUS:  (BMNH).  MAL- 
DIVE  IDS.:  (BMNH);  NW  of  Gadifurils, 
South  Nilandu  Atoll;  off  Imma  Id.,  SE 
side  North  Male  Atoll  (both  ANSP). 
COCOS-KEELING  IDS.:  W  of  Pulo  Bras 
and  Pulo  Gangsa,  SW  end  of  Direction 
Id.,  N.  Lagoon,  West  Id.,  and  off  Home 
Id.  (all  ANSP).  THAILAND:  Goh  Sin- 
darar  Nua  (USNM).  INDONESIA:  E  of 
Mios  Woendi,  Madaido  Ids.,  New  Guinea 
(MCZ).  PHILIPPINE  IDS.:  Calapan, 
Mindoro  (MCZ);  S  of  Bohol  (BMNH). 
AUSTRALIA:  Percy  Ids.  (BMNH)  and 
Heron  Id.  (MCZ),  Queensland.  PALAU 
IDS.:  Schonian  Harbor,  N  of  Peleu  Id. 
(ANSP).  CAROLINE  IDS.:  (ANSP). 
MARSHALL  IDS.:  Kwajelein  Atoll  (MCZ). 
GILBERT  IDS.:  Apiang,  Kingsmill  Ids. 
(MCZ).  LOYALTY  IDS.:  Mare  (MCZ). 
NEW  CALEDONIA:  (MCZ).  FIJI  IDS.: 
Viti  Levu  (ANSP).  SAMOA  IDS.:  off 
Manono  Id.,  Upolu  Id.,  and  off  Amouli, 
Tutuila  Id.  (both  MCZ).  COOK  IDS.: 
Akitua,  NW  of  Maina  Id.,  near  Nikaupara 
Village,  S  of  Rapota  Id.,  all  Aitutaki  (all 
ANSP).  SOCIETY  IDS.:  Tahiti  (MCZ); 
N  of  Motuorini  Point,  Tahiti  (ANSP). 
LINE  IDS.:  Palmyra  (MCZ).  HAWAIIAN 
IDS.:  Hilo,  Hawaii  (ANSP;  MCZ;  USNM); 
Mala  Bay,  Maui;  Kawaikapu,  Molokai; 
Ford's  Id.,  Pearl  Harbor;  Honolulu  (all 
USNM);  Waikiki  Beach  (ANSP);  Kahana 
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Bay  (ANSP;  MCZ);  Mokuloelue  Id.  and 
Coconut  Id.,  Kaneohe  Bay  (both  ANSP); 
near  Heeia  Pond  (fossil);  Kaaawa  (both 
USNM);  Aiea;  Kauai  (both  ANSP). 

Heterodonax   ludwigii   (Krauss) 

Plate    19,   figure   4;   Plate   20,  figure   4; 
Plate  21. 

TelJina  ludwigii  Krauss  1848,  Die  siidafrikani- 
schen  Mollu.sken,  p.  3,  pi.  1,  fig.  2  (type-locality. 
In  litore  natalensi;   holotype,   ?   Stuttgart). 

TcUina  ludwigi  Krauss.  Sowerby  1892,  Marine 
shells  of  South  Africa,  p.  57,  error  for  ludwigii 
Krauss. 

TcUina  quckctti  Sowerliy  1897,  Appendi.x  to 
Marine  shells  of  Soutli  Africa,  p.  22,  pi.  8,  fig.  16 
( t>-pe-locality,  Durban;  types,  not  in  BMNH  type- 
collection). 

TcUina  queketti  var.  radiata  Sowerby  1897, 
Appendix  to  Marine  shells  of  Soutli  Africa,  p.  22, 
pi.  8,  fig.  17  (type-locality,  Durban;  types,  not  in 
BMXH  t>pe-collection),  non  Linnaeus   1758. 

TcUina  quecketti  Sowerby.  Schwarz  1910, 
Trans.  Geol.  Soc.  South  Africa,  12:  115,  error  for 
queketti  Sowerby. 

Description.  Shell  extending  to  23  mm  in 
length  and  17  mm  in  height,  irregular]}- 
subrectangular  to  subelliptical,  equilateral 
to  slightly  inequilateral,  equivalve,  rather 
solid,  inflated,  with  valves  of  more  or  less 
equal  conve.xity,  and  without  posterior 
flexure.  Umbos  subcentral,  somewhat  be- 
hind middle,  slightly  elevated,  inflated, 
and  blunt.  Anterior  margin  smoothly  and 
narrowly  rounded;  ventral  margin  convex, 
rising  posteriorly,  sometimes  bowed  mid- 
ventrally;  anterior  dorsal  margin  long, 
more  or  less  straight,  and  gently  descend- 
ing; posterior  dorsal  margin  short,  more 
or  less  straight,  and  more  steeply  descend- 
ing; posterior  margin  weakly  convex  and 
forming  blunt  oblique  truncation.  Sculp- 
ture consisting  of  extremely  weak  and  fine 
striations;  irregular  round  growth  lines 
evident;  no  radial  sculpture  developed. 

Ligament  black-brown,  protuberant,  set 
upon  raised  nymphal  callosities;  no  true 
escutcheon;  lunule  weakly  developed,  elon- 
gate, lanceolate,  striate.  Hinge  line  moder- 
ately developed.  In  left  valve,  cardinal 
complex    consisting    of    single,    thickened. 


irregularly  subdeltoid,  bifid  tooth  (posterior 
cardinal  element  usually  not  evident);  no 
lateral  teeth.  In  right  valve,  cardinal  com- 
plex consisting  of  posterior,  irregularly 
subdeltoid,  thickened,  bifid  tooth,  and  of 
anterior  strong,  thickened  tooth;  no  true 
lateral  teeth,  but  often  hinge  margin  an- 
teriorly and  posteriorly  socketed  distally, 
foiTning  weak,  shelf-like,  elongate  grooves. 
Muscle  scars  variously  impressed;  ad- 
ductors set  relatively  high  in  valves; 
anterior  semilunate,  posterior  irregularly 
rounded  to  subquadrate.  Pallial  sinus  equal 
in  opposite  valves,  extending  straight  out 
from  base  of  posterior  adductor  muscle 
scar,  rounded  anteriorly,  irregularly  and 
arcuately  falling  to  pallial  line;  confluence 
short.  Cruciform  muscle  scars  large, 
rounded,  and  not  easily  discerned.  Color, 
white,  purple,  cream  or  pinkish,  frequently 
with  irregular  radial  rays  of  purple  or 
violet  evident  externally  and  internally. 

Length   Height   Width 


22.8 

16.8 

09.6 

Delagoa  Bay 

21.6 

16.2 

08.3 

Isipingo,  Natal 

19.4 

15.6 

08.7 

Durban 

17.6 

12.7 

06.3 

Durban 

15.8 

11.5 

06.2 

Delagoa  Bay 

06.1 

04.6 

01.9 

Morrumbene  Estuary 

Remarks.  This  species  has  long  been 
incorrect!)'  considered  a  TeJlina  (see  Bar- 
nard, 1964b:  542,  for  citations).  However, 
both  its  shell  moiphology  (PI.  19,  fig.  4) 
and  its  anatomy  (PL  21)  indicate  that  it 
has  affinities  with  other  Tellinacean  bi- 
valves. It  is  separated  from  the  genus 
Tellina  and,  indeed,  the  family  Tellinidae, 
by  ( 1 )  the  development  of  distinctly  raised 
nymphal  callosities  and  the  breadth  of  the 
hinge  plate;  (2)  the  presence  of  an  un- 
usual coloration,  particularly  the  violaceous 
suffusions  and  radial  rays;  (3)  the  obsoles- 
cence and  loss  of  the  left  posterior  cardinal 
tooth  and  the  generalized  stoutness  of  the 
remaining  cardinal  teeth;  (4)  the  lack  of 
definitive  lateral  teeth;  (5)  the  lack  of  a 
developed  escutcheon;  (6)  the  presence  of 
plicate  gills;  and  (7)  the  smallness  of  the 
palps.     The    composite     features     of    this 
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Plate  21.  Diagrammatic  illustration  of  the  anatomy  of  Heterodonax  ludwigii  (Krauss):  1,  anterior  adductor  muscle;  2,  labial 
palp;  3,  inner  demibranch;  4,  outer  demibranch;  5,  posterior  adductor  muscle;  6,  excurrenf  siphon;  7,  incurrent  siphon;  8, 
cruciform    muscle;    9,    siphonal    retractor    muscles;    10,    foot. 


species  agree  in  detail  with  the  diagnosis 
of  the  genus  Heterodonax  Morch  1853 
(type-species,  by  monotypy,  Tellina  hi- 
maculata  Linnaeus  1758)  as  given  by  Dall 
(1900:  973),  Thicle  (1935:  908)  and  Olsson 
(1961:  354). 

The  genus  Heterodonax  belongs  to  the 
family  Psaminobiidae.  Anatomically,  it  is 
characterized  by  plicate  gills  and  small 
palps.  The  ligament  is  set  upon  a  raised 
nymph,  and  the  hinge  plate  is  broad.  There 
are  really  no  lateral  teeth  present,  and  an 
escutcheon  is  not  developed.  The  general 
features  of  the  Psammobiidae,  namely  the 
nature  of  the  gills  and  palps,  are  illustrated 
in  Gari  teUinelki  (Yonge  1949:  37,  fig.  6). 
Further,   the  puq)le  shell   coloration,  with 


its  tendency  to  ra\'  formation,  is  often  en- 
countered in  the  Psammobiidae  and  par- 
ticularly in  Heterodonax.  For  these  reasons 
the  species  named  TcIIina  lud\.cig.ii  by 
Krauss  is  here  removed  from  Tellina  and 
placed  in  Heterodonax. 

Heterodonax  lnduiii,ii  exhibits  a  con- 
siderable amount  of  variation,  especially  in 
regard  to  shape  and  coloration.  Further, 
the  outline  of  the  valves  changes  during 
ontogeny.  In  smaller,  immature  specimens 
there  is  a  tendency  to  be  proportionately 
more  elongate  or  rather  subelliptical  in  out- 
line, whereas  in  adults  the  shell  is  some- 
what more  rounded  to  subrectangular. 
Some  individuals  may  have  a  tendency  to 
pointedness  posteriorly,  and  frequently  the 
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ventral  margin  is  bowed  out  in  an  irregular 
convexity,  giving  the  outline  of  the  valves 
a  ventral  bulge. 

BasicalK-  the  shell  is  white,  but  not 
infrequently  specimens  may  be  predomi- 
nantly purple,  cream,  or  pink.  Rayless 
white  specimens  do  occur,  but  more  often 
indi\iduals  rayed  in  purple  are  encoun- 
tered. The  rays  are  irregular  in  number, 
may  be  interrupted  by  concentric  white 
hands,  and  usually  widen  peripherally. 

The  fossil  history  of  H.  ludwigii  has 
been  reviewed  by  IBarnard  (1962b:  194), 
who  documented  the  occurrence  of  the 
species  from  the  Algoa  Bay  area,  in  the 
Pleistocene,  from  the  following  localities: 
Shark  River,  The  Creek  (Ferreira's  River), 
Zwartkops  River,  Redhouse,  Koege  River, 
Coerney,  and  Bushman's  River. 

This  species  appears  to  inhabit  relatively 
shallow  water  in  sandy  substrates.  As  re- 
corded by  Broekhuysen  and  Taylor  (1959: 
292),  it  was  taken  in  a  sand  bar  in  the 
estuar\-  at  Kosi  Bay,  where  the  pH  was 
decidedly  alkaline  (8.5-8.7)  and  there  was 
a  considerable  range  in  salinity  (21.2-32.9 
ppt).  Specimens  have  also  been  taken  in 
the  Morrumbene  Estuary.  Therefore,  this 
species  is  not  unlike  some  of  the  donacids 
and  certain  psammobiids  in  having  a  pref- 
erence for  estuarine  conditions,  probably 
because  of  the  considerable  amounts  of 
suspended  matter  released  into  the  environ- 
ment by  the  outflow  of  the  rivers. 

Contrary  to  Barnard  (1964b:  543),  the 
specimen  named  by  TomHn  (1926:  301) 
as  Tellina  yemencmis  Melvill  is  preserved 
in  the  Natal  Museum  (no.  3987)  and  is 
not  H.  ludwigii;  it  is  treated  in  the  previous 
section  of  this  paper  separately. 

A  species  closely  related  to  //.  huhcigii 
is  H.  seychelhrum  Bertin  (Bertin,  1881: 
118,  pi.  3,  fig.  6a,  b).  However,  this  species 
from  the  Seychelles  is  differently  shaped, 
being  more  nearly  rounded  and  without 
the  ventral  bulge  often  found  in  H. 
higicigii.  Further,  it  appears  to  be  com- 
pletely purple  and  less  frequently,  if  ever, 
rayed. 


Range.  II.  hidwigii  is  found  along  the 
east  coast  of  Africa,  from  at  least  northern 
Mozambique  to  Durban.  In  the  Pleisto- 
cene it  lived  as  far  south  as  Algoa  Bay  but 
does  not  live  there  presently,  a  situation 
noted  by  Schwarz   (1910). 

Specimen's  examined.  REPUBLIC  OF 
SOUTH  AFRICA:  Durban  (SAM;  NM); 
Durban  Bluff  (DM;  NM);  Isipingo,  Natal 
(NM).  MOZAMBIQUE:  Delagoa  Bay 
(SAM);  Kosi  Bay;  Morrumbene  Estuary, 
near  Inhambane   (both  UCT). 
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alternata,  121 

analogica,  87,  89,  144,  145,  146,  147 

Anbulus,  148 

angulosa,  121 

Angulus,  128,  140,  148,  149 

antonii,  90,  91 

apelina,  128,  129 

apicifusca,  95 

Arcopagella,  102,  104 

Arcopagia,  102,  106,  108,  109,  113 

Arcopaginula,  103 

Arcopagiopsis,  102,  103 

Arcopella,  103 

Arcopogia,  102 

Areopagia,  102,  113 

armata,  148 

arsinoensis,  127 

asperrima,  90,  101,  102 

audouini,  113 

balaustina,  103 
beadleianus,  117 
foec/ci,  144 
bertini,  106 
bimaculata,  154 
botanica,  112 
brasiliana,  89 

CadeUa,  85,  136,  140,  149 

caiwnica,  87,  89,  108,  J37,  148,  i5i 

capsoides,  85,  89,  105,  112,  113,  J  J  8,  137 

chariessa,  89 

chlorolcuca,  116 

Cochlea  palatam,  108,  109 

compressa,  148 

concentrica,  113 

consan  guinea,  119 

crassfl,  85,  102,  103,  106 

cristallina,  113 

cristata,  Tellidora,  84 

crystallina,  113 

cruciata,  95 

crucigera,  90,  97 

cumingii,  90,  91 


indexed.    Regular  typeface  indicates  mention  of  the 
;  italics,  an  illustration. 

CycloteUina,  102,  104 
Cydippe,  102 
Cymodocea,  149 

dautzenbergi,  124 
decussata,  102,  106 
denticulata,  113 
diaphana,  113,  114 
disculus,  103,  106 
di.spar,  147,  150,  J51 
dissii7}ilis,  99,  101 
distorta,  140 
Donacilla,  140 
rfonac/na,  138,  140,  142,  148 
Doiuix,  136 

cburnea,  121 
eciiadoriana,  121 
clegans,  89 
elizabethae,  103 
EUiptotellina,  136 
erythraca,  127 
europisthus,  136,  138,  139 
EimjtcUina,  84,  120 
Eurytcllina,  map  of,  121 
Eutellina,  90 

fabagella,  136,  138 

fabrefacta,  136 

/afo!//a,  147,  150,  151,  152 

Fabidina,  85,  150,  151 

/e/jx,  127 

fimbriata,  106 

//flfca,  127 

foliacea,  84 

gaimardi,  89,  134,  135 

Garf  tellinella,  154 

gemonia,  112 

gilchristi,  87,  89,  132,  140,  141,  142,  143,  144,  146, 

147 
gilchristi-analogica,  89 
gouldii,  136 
guildingii,  121 

hertleini,  121 

Heterodonax  ludwigii,  153,  154 

hilaris,  127 

hirasei,  106 

Homala,  133 

Homalina,  83,  128,  133,  151 

hyalitm,  89,  133,  134 

immaculata,  128,  129 
inaequistriata,  121 
incarnata,  120,  121 
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incerfa,  95 
inflata,  103 

Jactellina,  152 
jubar,  91,  94 
juttingae,  113 

kraussi,  104,  105 

laccrideus,  121 

LacioUna,  101,  116 

laevigata,  91,  116 

Janccolata,  128,  148,  149 

/<j;)/afa,  121 

latirostra,  116 

fcchiogramma,  136,  138 

Uliana,  85,  134 

/I'ma,  113 

line  at  a,  121 

linguafelis,  110 

/i5ft'r/,  90,  91,  93 

listcriana,  102 

Loxoglypta,  152 

ludwigi,  153 

/»(i!i;g//,  108,  i47,  i5i,  153,  i54 

lunidata,  102 

/i/ra,  112,  113 

LyrateUina,  112,  113 

Macoma  {Scissulina)  dispar,  150 

Macomona,  134 

mactroidcs,  102 

madagascariensis,  85,  89,  120,  121,  122,  123,  124, 

i25 
Maera,  140 
mag/io,  101,  116 
ma/or,  113,  150 
mantaensis,  121 
marginalis,  91,  94 
mars,  124 
martensi,  113 
martinicensis,  113 
mera,  149 
Meraca,  85,  113 
meropsis,  149 
miracyllium,  136,  138 
A/ocra,  140 
Moerella,  85,  136,  138,  140,  142,  148 

natalensis,  127,  130,  131,  i33,  141 
negro.s/en.s;',s,  113,  114 
nitens,  121,  127 

ofofu.ra,  109 

ochracea,  116 

Oma/a,  133,  134 

o?)a//na,  85,  89,  9S,  J23,  128,  132 

Oudardia,  148 

oudardii,  148 


palatum,  85,  89,  i07,  109 

palle.scens,  116 

paramera,  149 

pcHifl,  89,  116,  JiS 

Pcronacodcrma,  120 

perrieri,  119 

pctalina,  95 

pctallma,  95 

Pharaonella,  116 

phanumis,  116,  118,  119 

philippii,  99 

Phylloda,  84 

Pinguitdlina,  103,  108 

P/.s<j«,  112 

planissiiim,  128 

poUttis,  134 

ponsonbyi,  89,  103,  104,  i05,  J37 

ponsonbyi-victoriae,  89 

prismatica,  121,  126,  i27,  130,  132,  141 

pristiformis,  113 

Pristipagia,  1 12 

Prfsffs,  112,  113 

prfsfe,  112,  113 

proclivis,  113 

prora,  121 

Psammobiidac,  154 

Pscudaicopagia,  102,  103 

Pseudoarcopagia,  103 

pulchella,  90,  91,  140,  145 

pulcherrima,  90,  101,  102 

punicea,  85,  120,  121 

purpiireus,  128 

pustida,  102 

Quadrans,  85,  109,  113 
quecketti,  153 
queketti,  153 
Quidnipagus,  108 
quoyi,  116 

radiata,  89,  153 

rastellum,  85,  89,  90,  91,  96,  99,  JOO,  103,  109,  110 

reclusa,  113 

regidaris,  148,  149 

rhomboides,  152 

rhynchoscuta,  113 

rietensis,  104,  105 

robusta,  103,  108 

rosea,  120,  122,  123,  124,  128,  129 

roseola,  120,  121 

rubcscens,  121 

rubicincta,  89,  145 

rubiciinda,  145 

n//a,  95 

rugosa,  109 

ruftZa,  108,  149 

scalaris,  95 
scalpellum,  127,  132 
Scissula,  85 
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Scissulina,  85,  150 

scitula,  127 

scohinata,  85,  103,  109,  110 

Sctifaicopa^ia.  103,  109 

Scmclaugidus,  136,  139,  149 

semen,  89,  136,  137,  139,  149 

semilacvis,  116,  118 

semitorta,  136,  138,  140 

serrata,  112,  113,  115 

Senatina,  85,  109,  112 

seychellannn,  155 

siamensis,  113 

siehcnrocki,  106 

sieboldii,  119 

simulans,  121 

Siphonaria,  86 

sinuata,  130 

s<ai/;d/a,  89,  90,  92,  93,  94,  95,  96,  98 

staurella  apicifusca,  95 

striatissima,  136,  138 

stiigilata,  134 

StriotelUna,  112 

siiberis,  136 

siiffiisa,  149 

sulphured,  116,  118 

sijbaritica,  140,  143 

tampaensis,  149 
tatjloriana,  121 
Teliiiella,  90 
TcUidora,  85 
TcUidora  cristata,  84 
T<?//ina,  89 


Tellinarius,  90 

Tellinella,  83,  85,  89,  109,  113 

tellinella,  136 

Tellinella,  map  of,  90 

Tellinidella,  128 

Tellinides,  83,  127,  134 

teiiuilirata,  116,  117 

tenuis,  149 

tenuisulcata,  117,  119 

thijmarcs,  113,  115 

^tmorciisjs,  127,  128,  130 

triangularis,  133,  134 

fri/atera,  85,  87,  89,  i25,  128,  130,  i33,  134,  i37, 

151 
trilatera-gaimardi,  89 
trinitatis,  121 
//■;,sf/.y,  134 

valtonis,  127 

venusta,  116,  118 

ue;n/coso,  90,  101,  102 

vespuciana,  121 

vestalis,  129 

victoriae,  89,  102,  103,  106 

vidalensis,  89,  132,  140,  141,  J42,  J43,  145 

uirgflfa,  89,  90,  91,  92,  97,  98,  103 

vulsella,  119 

i/emencnsis,  106,  107,  127,  J^3,  155 

zacae,  90 
Zearcopagia,  103,  106 
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Castianelra    longipalpus,    male.      Pedipalps    lost    during    the 
final    moult.      (Photo    by    H.    K.    Wallace.) 


Castianeira    cingulola,    male.      (Photo    by    H.     K.    Wallace. 
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Casfioneira    crocata,    female.      The    longitudinal     abdominal 
stripe  is  bright  orangs-red.     (Photo  by  H.  K.  Wallace.) 
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ABSTRACT 

A  new  subfamily,  the  Castianeirinae,  is 
proposed  for  most  of  the  ckibionid  mem- 
bers of  the  Micariinae  (a  gnaphosid  sub- 
family). This  revision  includes  the  four 
genera     (Ca.stianeim,     Mazax,     Myrmeco- 

^This  study  is  part  of  one  presented  to  the 
Department  of  Biology  at  Harvard  University  in 
partial  fulfillment  of  the  requirements  for  the 
degree  of  Doctor  of  Philosophy. 

-Department  of  Zoology,  University  of  Florida, 
Gainesville,  Florida    32601. 


typus,  and  Sphecotypus),  \\ith  59  species, 
that  represent  this  subfamil\-  in  North  and 
Central  America. 

Seventeen  species  are  newly  described: 
CaMianeira  thalia,  C.  occidens,  C.  alfa, 
C.  athena,  C.  rothi,  C.  azteca,  C.  zembla, 
C.  rica,  C.  alba,  C.  guapa,  C.  ahuelita,  C. 
trimac,  Mazax  xerxes,  M.  chickcriiv^i,  M. 
ajax,  Myrmecotypus  olympus,  and  M.  Or- 
pheus. One  new  name  is  proposed,  Mazax 
pax,  and  16  new  synonymies  recognized. 

The  evolution  of  the  group,  \\ith  special 
emphasis  on  the  impact  of  selection  for  ant 
mimicry,  is  discussed. 

INTRODUCTION 

The  Castianeirinae,  newly  proposed  in 
this  revision,  is  a  subfamily  of  the  Clubi- 
onidae.  It  represents  a  major  portion  of  the 
old  Micariinae  of  Simon  (1897).  Although 
no  comprehensive  re\ision  of  this  group 
has  ever  been  published,  three  works  in- 
clude a  good  number  of  the  species: 
O.  P.-Cambridge  (1889-1902),  F.  P.-Cam- 
bridge  (1897-1905),  and  Chickering  (1937). 

The  group  is  ^^•orld-wide,  though  pre- 
dominantly tropical.  This  revision  includes 
the  fauna  of  North  and  Central  America. 
The  Central  American  fauna  represents 
merely  the  small  part  of  a  vast  array  of 
species  in  the  tropics  of  South  America. 
Many  members  of  the  Castianeirinae  ex- 
hibit ant  mimicry,  a  phenomenon  that  has 
greatly  influenced  the  past  and  present 
classification  of  the  group. 
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RECLASSIFICATION   OF  THE  MICARIINAE 

The  Micariinae  as  recognized  by  Roewer 
(1954)  and  Bonnet  (1961)  is  a  subfamily 
of  the  Ckibionidae.  The  predominantly 
holarctic  ant-mimicking  genus,  Micaria,  is 
the  tN'pe-genus  of  the  subfamily.  Table  1 
includes  the  39  genera  in  the  subfamily 
with  their  368  species.  This  subfamily  is 
not  only  poh'phyletic  but  includes  repre- 
sentatives of  at  least  three  other  spider 
families  and  two  clubionid  subfamilies. 

First,  the  t>pe-genus,  Micaria,  should  be 
placed  in  the  family  Gnaphosidae  and  not 
in  the  Ckibionidae.  Locket  and  Millidge 
(1951)  point  out  the  intemiediate  position 
of  the  genus  between  the  Clubionidae  and 
Gnaphosidae  and  also  conclude  that  it 
should  be  placed  in  the  Gnaphosidae.  The 
follo\\ing  reasons  account  for  this  place- 
ment: 

(1)  The  anterior  spinerets  are  cylindri- 
cal, moderately  sclerotized,  and  fairly 
widely  separated.  Locket  and  Millidge 
(1951)  observe  that  they  "are  not  sepa- 
rated noticeably  as  in  the  Gnaphosidae," 
but  neither  are  they  the  conical,  unscle- 
rotized,  adjacent  anterior  spinerets  typi- 
cal of  the  Clubionidae.  In  balance  they 
are  more  gnaphosid  than  clubionid. 

(2)  The  genital  structiues  are  more  like 
those  of  the  Gnaphosidae  than  the  Club- 
ionidae. Jackson  ( 1932 )  states,  "I  believe 
these  Micariae  should  be  assigned  to  the 
family  Gnaphosidae  with  which  they  en- 
tirely agree  in  the  structure  of  their  sex- 
ual organs.  Their  resemblance  to  the  ge- 
nus PhruroJithus  of  the  Clubionidae  is 
due  to  convergence.  .  .  ."  Both  the  male 
pedipalps  and  female  epigyna  are  ba- 
sically gnaphosid,  the  genital  bulb  of  the 
male  often  oval  with  the  embolus  arising 
from  its  center,  as  in  species  of  Gna- 
pho.m,  Drassode.s,  and  Geodrassiis,  and 
the  epigyna  exhibiting  a  complexity 
found  in  the  gnaphosids  but  not  in  the 
clubionids. 

(3)  The  posterior  median  eyes  are  ob- 


long (as  is  common  in  the  Gnaphosidae) 
and  not  circular  (as  in  all  Clubionidae) 
(Locket  and  Millidge,   1951). 

(4)  Homann  (1950)  found  the  internal 
structure  of  the  eyes  of  Micaria  to  re- 
semble that  of  the  Gnaphosidae  [Zelotes) 
and  to  differ  from  that  of  the  majority  of 
recognized  clubionid  genera  studied. 

(5)  "The  leg  scopulae  consist  of  little 
spines  which  though  \\'idely  spaced,  are 
definitely  spatulate;  in  Clubionidae  of 
this  size  (e.g.,  Phnirolithus)  the  scopula 
hairs  are  aculeate"  ( Locket  and  Millidge, 
1951). 

Tlierefore  Micaria  and  its  closely  related 
genus  MicarioJcpis  (a  total  of  108  species) 
must  be  tranferred  to  the  Gnaphosidae, 
taking  the  name  of  their  subfamily,  the 
Macariinae,  with  them. 

Five  of  the  remaining  37  genera  (repre- 
senting 13  species) — Chcmmis,  Anachem- 
mw,  Hcterochcmmis,  Parachemmis,  and 
Drassijhchemmis — are  apparently  Liocra- 
ninae.  They  have  from  four  to  six  pairs  of 
long  spines  on  the  tibia  of  the  first  pair  of 
legs;  the  hairs  on  the  abdomen  are  all  sim- 
ple; the  epigyna  and  male  pedipalps  are 
similar  to  the  liocranine  genus  Agroeca\ 
and  the  labium,  sternum,  and  endites  are 
characteristically  like  those  found  in  the 
Liocraninae.  When  describing  Drassijh- 
chemmis, Gertsch  and  Davis  (1936)  placed 
the  new  genus  in  the  Liocraninae  and  re- 
marked on  its  close  resemblance  to  Ana- 
chcmmis. 

Fifteen  of  the  genera  in  Table  1  (ac- 
counting for  206  of  the  remaining  247  spe- 
cies) clearly  constitute  a  monophyletic 
taxon  within  the  Clubionidae.  This  taxon 
is  of  subfamilial  rank.  The  largest  genus 
of  the  old  Micariinae  is  also  the  largest 
genus  in  this  group — Castianeira,  with  118 
species.  For  this  reason,  and  also  because 
the  only  family-group  name  in  the  group, 
Myrmecidae  Koch,  1851,  is  also  used  as  a 
family-group  name  in  the  Formicidae  (the 
Myrmeciinae),  the  name  of  this  subfamily 
should  be  Castianeirinae.    The  new  sub- 
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Table  1.     Genera  in  the  Micariinae  According  to  Roewer   (1954),  with  New  Classifications 


Genus 

Geographic^vl 

Number  of 

(Type-species) 

Author 

Distribution 

Species 

New  Classification 

Cenjerda 

Simon,  1909 

Australian 

1 

Molycriinae^ 

(C.  cursitans) 

Honunius 

Simon,  1908 

Australian 

1 

Molycriinae"^ 

(H.  qiiadricaiida) 

Jacacna 

Thorell,  1897 

Oriental 

1 

Molycriinae"^ 

( /.  distincta ) 

Mohjcria 

Simon,  1887 

Australian 

4 

Molycriinae^ 

(M.  vmnunosa) 

Mijandra 

Simon,  1887 

Australian 

2 

Molycriinae'^ 

(M.  camhridgci) 

SpJiinpius 

Thorell,  1890 

Oriental 

12 

Corinninae? 

(S.  dwcatus) 

Peaccnnina 

Simon,  1903 

Neotropical 

1 

? 

(P.  epidaris) 

Achalaicola 

Mello-Leitao,  1943 

Neotropical 

1 

Prodidomidae 

(A.  vestita) 

Aetiiis 

O.  P.-Cambridge, 

Oriental 

1 

Castianeirinae 

(A.  decollahis) 

1896 

Anachcmmis 

Chamberlain,  1920 

Nearctic 

3 

Liocraninae 

(A.  sober) 

Anatca 

Berland,  1927 

Australian 

1 

Theridiidae 

( A.  formicaria ) 

Apocliinomriia 

Pavesi,  1881 

Ethiopian 

2 

Castianeirinae 

( A.  formicacforme) 

Oriental 
Neotropical 

3 
8 

Cambalida 

Simon,  1910 

Ethiopian 

3 

? 

i  C.  insulana) 

Castanilla 

Caporiacco,  1936 

Palaearctic 

2 

Castianeirinae 

(C.  quinquemaculata) 

Casiiancira 

Keyserhng,  1879 

Palaearctic 

6 

Castianeirinae 

(C.  ruhicunda) 

Ethiopian 
Oriental 
Neotropical 
Nearctic 

21 

7 

59 

25 

Chcmmis 

Simon,  1898 

Neotropical 

4 

Liocraninae 

(C.  frcderici) 

Nearctic 

1 

Coenoptychus 

Simon,  1885 

Oriental 

1 

Castianeirinae 

(C.  pulchcr) 

Copa 

Simon,  1885 

Etliiopian 

8 

Castianeirinae 

( C.  flavoplumosa ) 

Oriental 

2 

Corfnno?7n?!a 

Karsch,  1880 

Ethiopian 

1 

Castianeirinae 

( C.  severum ) 

Oriental 

Australian 

Neotropical 

8 
2 
1 

Domic  a 

Strand,  1932 

Ethiopian 

1 

? 

( D.  dccorsei) 

DrassijIIocJiemmis 

Gertsch  and 

Nearctic 

1 

Liocraninae 

(D.  captiosus) 

Davis,  1936 

Graptartia 

Simon,  1896 

Palaearctic 

1 

Castianeirinae 

(G.  granulosa) 

Ethiopian 

1 

iLehtinen   (1967)   places  the  Molycriinae   (=  Myandrinae)   in  the  Prodidomidae.    Also  see  footnote  p.   166. 


166 


Bulletin  Museum  of  Comparative  Zoology,  Vol.  138,  No.  5 


Table  1. 

{Continued) 

Genus 

Geographical 

Number  of 

(  Type-species  ) 

Author 

Distribution 

Species 

New  Classification 

Heterochemmis 

F.  P.-Cambridge, 

Neotropical 

2 

Liocraninae 

(H.  mirabilis) 

1899 

Lipawchrtjsis 

Simon,  1909 

Australian 

1 

? 

(L.  resplendens) 

Mazax 

O.  P.-Cambridge, 

Neotropical 

5 

Castianeirinae 

(M.  pax) 

1898 

Mercnius 

Simon,  1909 

Ethiopian 

10 

Castianeirinae 

(M.  phimosus) 

Messapus 

Simon,  1898 

Ethiopian 

2 

? 

{M.  martini) 

Methesis 

Simon,  1896 

Australian 

1 

Corinninae  ? 

(M.  semirufa) 

Neotropical 

1 

Micaria 

Westrlng,  1851 

Palaearctic 

59 

Gnaphosidae 

(M.  fulgens) 

Ethiopian 

Oriental 

Australian 

Neotropical 

Nearctic 

2 
1 

2 
4 

37 

Micariinae 

Micariolepis 

Simon,  1897 

Palaearctic 

2 

Gnaphosidae 

{M.  dives) 

Ethiopian 

1 

Micariinae 

MontchcUo 

Hogg,  1914 

Nearctic 

1 

? 

{M.  tenuis) 

Myrmecium 

Latreille,  1824 

Neotropical 

16 

Castianeirinae 

(  M.  nifum) 

Myrmecotypus 

O.  P.-Cambridge, 

Neotropical 

7 

Castianeirinae 

(M.  fuliginosus) 

1894 

Nearctic 

1 

Myrmeques 

Roewer,  1935 

Neotropical 

1 

? 

(M.  attarum) 

Parachemmis 

Chickering,  1937 

Neotropical 

2 

Liocraninae 

(P.  fusciis) 

Poecilipta 

Simon,  1896 

Australian 

2 

Castianeirinae 

(P.  janthina) 

Psellocoptus 

Simon,  1896 

Neotropical 

1 

Castianeirinae 

(P.  flavostriatus) 

Sphecotypus 

O.  P.-Cambridge, 

Oriental 

2 

Castianeirinae 

(S.  niger) 

1895 

Neotropical 

1 

Supunna 

Simon,  1896 

Australian 

8 

? 

( S.  insularis) 

family  is   established   and   defined   in   the 
taxonomic  section  of  this  paper.^ 

Five  genera  (with  9  species)  have  pre- 


■■^  In  his  illuminating  reclassification  of  the  Ara- 
neomorpha,  Lehtinen  ( 1967 )  considers  the  Club- 
ionidae  to  be  a  highly  polyphyletic  family.  He 
places  the  Micariinae  in  the  Gnaphosidae  and 
raises  the  Corinninae  and  Liocraninae  to  familial 
status.  Within  this  framework  the  Castianeirinae 
should  be  considered  a  subfamily  of  the  Corin- 
nidae. 


viously  been  grouped  in  the  subfamily 
Molycriinae  (the  Molycrieae  of  Roewer, 
1954)  and  probably  should  again  be  con- 
sidered a  separate  subfamily. 

The  type-species  of  Methesis  (from  Bo- 
livia) is  probably  in  the  Corinninae,  but 
the  Australian  member  of  the  genus  is 
clearly  in  the  Castianeirinae.  Sphingius  is 
also  probably  in  the  Corinninae. 

Two  monotypic  genera  belong  in  other 
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distinct  families.  Anatea  Berland  has 
recently  been  redescribed  and  discovered 
to  be  in  the  family  Tlieridiidae  (Reiskind 
and  Levi,  1967).  Berland  (1927)  based  his 
placement  on  the  general  antlike  shape 
and  the  simple  male  genitalia  (which  su- 
perficially resembles  that  of  Micorio). 
Acholaicolo  Mello-Leitao  is  in  the  Prodi- 
domidae,  a  rare  family  related  to  the  Club- 
ionidae  and  Gnaphosidae. 

The  remaining  eight  genera,  five  of 
which  are  monotypic,  may  be  members  of 
the  Castianeirinae,  gnaphosids  in  the  Mi- 
cariinae,  or  members  of  entirely  different 
taxa.  Only  careful  examination  and  stud\- 
will  place  them. 

ANT  MIMICRY  AND  ITS  EFFECTS 
ON  CLASSIFICATION 

Ant  mimicry  is  fairly  common  among 
spiders  (Brignoli,  1966)  and  is  most  dra- 
matic and  widespread  among  the  salticids 
and  clubionids.  The  mimicry  is  basically 
Batesian:  the  innocuous  mimic  (spider)  is 
protected  by  its  resemblance  to  a  noxious 
model  (ant  or  velvet  ant)  by  being  mis- 
taken for  the  model  by  potential  predators. 

Two  results  of  selection  for  mimicry — 
convergence  and  extreme  specialization — 
have  produced  errors  in  classification. 

The  convergence  of  superficial  antlike 
characteristics  in  the  mimics  of  several  fam- 
ilies of  spiders  led  Walckenaer  ( 1841 )  to 
create  the  genus  Myrmecia,  in  which  he 
included  both  clubionid  and  salticid  ant 
mimics.  Berland  ( 1927 )  described  an  ant- 
mimicking  spider,  Anatea  formicaria,  and 
placed  it  among  the  ant  mimics  of  the  Club- 
ionidae,  although  it  is  actually  a  theridiid 
(Reiskind  and  Levi,  1967).  O.  P.-Cam- 
bridge  (1870)  included  Aphantochihis,  an 
ant  mimic  related  to  the  Thomisidae,  in  a 
group  of  clubionid  ant  mimics.  Table  1 
reviews  the  polyphyletic  old  Micariinae, 
which  contained  ant-mimicking  clubionids 
(the  new  subfamily  Castianeirinae)  and 
gnaphosids  (the  new  Micariinae). 

Two  families,  which  include  only  spiders 


that  imitate  ants,  have  been  prop)Osed. 
Koch  ( 1851 )  established  the  family  Myr- 
mecidae,  which  included  mostly  clubionid 
ant  mimics,  with  Myrmcciiim  as  the  type- 
genus.  The  Aphantochilidae  of  Thorell, 
187.3,  are  thomisidlike  spiders  all  mimick- 
ing cephalotine  ants;  the  family  includes 
four  genera,  with  a  total  of  eight  species. 

Specialization  has  also  led  to  many  ant- 
mimicking  genera  (e.g.,  Myrmecium  and 
Sphecotypus  in  the  Castianeirinae )  that  are 
satellites  of  a  more  generalized  genus  ( e.g., 
Castiuneira  in  the  Castianeirinae)  and  earn 
their  generic  position  by  their  bizarre  and 
superficial  mimetic  characters. 

Equal  weighting  of  characters  in  the  tax- 
onomic  analysis  of  a  group  that  includes 
ant  mimics  would  probably  result  in  as 
absurd  a  classification  as  some  of  the  fore- 
going examples.  The  external  morphology 
is  so  extensively  modified  in  ant  mimics 
that  carefully  chosen  characters,  as  little 
affected  by  selection  for  mimicry  as  pos- 
sible, must  be  used  in  their  proper  classifi- 
cation. 

PHYLOGENETIC  RELATIONSHIPS  OF 
THE  GENERA 

In  attempting  to  trace  the  evolutionary 
history  of  a  taxon,  two  basic  approaches 
are  used  simultaneously — determination  of 
( 1 )  the  real,  homologous  similarities  be- 
tween the  taxon  and  its  relatives,  i.e.,  the 
phylogenetic  relationships,  and  (2)  the 
changes  and  differences  resulting  from  evo- 
lutionary adaptations  \\'ithin  the  taxon  it- 
self. In  both  cases  natural  selection  ex- 
presses itself  in  xarying  evolutionary  rates 
for  different  characters. 

Each  character  (or  pleiotropic  complex 
of  characters)  has  its  own  evolutionary 
rate  dependent  upon  the  positive  or  nega- 
tive selection  on  the  character.  Tliis  results 
in  a  taxon  some  of  whose  characters  are 
"advanced"  (i.e.,  the  result  of  a  high  evo- 
lutionar)'  rate  and  therefore  new  and  dif- 
ferent )  while  other  characters  are  "primi- 
tive" (i.e.,  the  result  of  a  low  evolutionary 


168        Bulletin  Museum  of  Comparative  Zoology,  Vol.  138,  No.  5 


rate  and  therefore  similar  to  the  characters 
of  the  ancestral  taxa).  When  speaking  of 
an  "advanced"  or  "primitive"  taxon,  it  is 
necessary  to  state  clearly  the  characters 
being  used.  Sometimes  a  taxon  is  truly 
primitive,  combining  a  vast  group  of  primi- 
tive characters,  e.g.,  the  Liphistiidae,  but 
usually  it  is  a  mixture  of  primiti\'e  and  ad- 
vanced characters;  the  taxon's  "primitive- 
ness"  is  a  result  of  the  subjective  weighting 
of  certain  characters  by  the  investigator. 
Characters  of  the  same  level  of  "primitive- 
ness"  usually  do  not  group  themselves,  and 
for  this  reason  the  evolutionary  history  of 
a  taxon  must  first  be  considered  character 
by  character.  Only  after  such  an  analysis 
can  speculation  on  the  history  of  the  taxon, 
as  the  total  of  all  of  its  characters,  take 
place. 

Such  an  analysis  of  several  important 
characters  studied  in  the  North  and  Central 
American  Castianeirinae  follows.  These 
characters  are  (1)  male  genitalia,  (2)  fe- 
male genitalia,  (3)  eye  arrangements,  (4) 
cheliceral  teeth,  (5)  thoracic  groove,  and 
(6)  mimetic  characters. 

Male  genital  .structure.  The  tarsus  of 
the  male  spider  is  modified  as  a  copulatory 
organ  for  the  transfer  of  sperm  to  the  epigy- 
num  of  the  female.  This  structure  is  rela- 
tively distinct  from  species  to  species. 

The  male  genital  structure  in  the  Castian- 
eirinae is  relatively  simple  compared  to  that 
in  most  spiders.  As  noted  in  the  definition 
of  the  Castianeirinae,  there  is  a  basic  pat- 
tern of  homologous  structures  in  all  the 
male  genitalia — the  major  piece  of  evidence 
that  the  whole  subfamily  is  definitely  a 
monophyletic  taxon.  The  characteristics  of 
the  genitalia  held  in  common  include  a 
tibia  either  with  a  small  apophysis  or  lack- 
ing one  entirely;  a  full,  lateral,  protective 
cymbium;  and  a  genital  bulb  that  has  a 
globose  base,  is  more  or  less  elongated 
distally,  and  has  a  winding,  highly  sclero- 
tized  palpal  duct  that  terminates  at  its 
distal  end  in  a  heavily  sclerotized  embolus 
(see  Fig.  2). 


Of  the  structures  making  up  the  male 
pedipalp,  the  embolus  is  the  most  complex 
and  is  species  specific.  The  embolus  of  the 
most  common  American  species  of  Castian- 
eira,  C.  longipalpus,  is  t\'pical  of  the  vast 
bulk  of  the  Ca.siianeira.  Tlie  embolus  is 
straight,  highly  sclerotized,  and  has  a  spiral 
twist  at  its  end  (Fig.  10).  In  some,  this 
terminal  twist  is  barely  detectable,  e.g.,  C. 
descripta  (Fig.  91),  while  in  others  it  is 
very  distinct,  e.g.,  C.  cingulata  (Fig.  103). 
In  several  species  of  Castianeira  the  twist 
is  completely  dominant  and  the  whole  em- 
bolus is  spirally  twisted,  e.g.,  C.  nihicunda 
(the  type-species),  C.  fnemnonia  (from 
Panama;  Fig.  196),  and  C.  frilineata  (Fig. 
110).  Which  is  the  more  primitive  charac- 
teristic— a  straight,  fairly  long  embolus  or 
a  low,  strongly  twisted  one?  T\\'o  factors 
support  the  latter  alternative. 

First,  a  twist  is  present  in  most  Castian- 
eira, though  barely  perceptible  in  some 
(e.g.,  C.  nanellu,  C.  descripta,  C.  athena). 
These  traces  of  a  twist  point  to  the  prob- 
ably vestigal  nature  of  the  structure.  The 
lengthening  and  straightening  of  the  ter- 
minal third  of  the  genital  bulb  of  C.  tri- 
lineata  (Fig.  110)  could  produce  the  em- 
boli observed  in  C.  longipaJpus  and  C. 
variata  (Fig.  23). 

Second,  the  "primitive"  (i.e.,  complex 
and  low)  twist  (counterclockwise  in  the 
left  palpus  and  clockwise  in  the  right  pal- 
pus) most  clearly  exemplified  in  C.  mem- 
nonia  (Fig.  196)  is  also  seen  in  some  spe- 
cies of  the  distinct  genera  Myrmecotypu.s 
(M.  olympus)  and  Myrmecium.  That  such 
complex  and  homologous  structures  arose 
at  least  three  times  is  highly  unlikely.  It  is 
more  likely  that  the  ancestral  palpus  had  a 
low  twist;  in  some  species,  through  time, 
the  embolus  has  lengthened,  often  to  the 
extent  of  leaving  but  a  vestige  of  the  twist 
or  no  twist  at  all.  Within  the  Castianeira 
the  whole  range  of  palpus  evolution  is  ex- 
hiliited:  C.  memnonia,  C.  trilineata,  C.  cin- 
gulata, C.  longipalpu.s,  C.  de.scripta.  The 
male  genital  index  (a  measure  of  the  elon- 
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gation  of  the  embolus,  a  high  value  repre- 
senting a  highh-  elongated  embolus )  is  use- 
ful in  species  determination  in  Castiancira 
but  is  a  poor  measure  of  whether  the  palpus 
is  advanced  or  primitive.  Such  a  determi- 
nation can  come  only  from  studying  the 
structure  of  each  tip. 

Myrmecotypu.s  has  a  more  varied  collec- 
tion of  terminal  genital  structures  than  does 
Casfianeiro,  which  may  suggest  a  possible 
polyphyletic  origin  of  the  genus.  Myrmeco- 
iypus  olympus  and  M.  rettenmeyeri  have 
low,  spirallike  ends,  the  former  with  a 
large  sclerotized  embolus  (Fig.  260)  and 
the  latter  with  a  very  short  embolus  (Fig. 
262).  M.  Orpheus  (Fig.  257)  and  M.  niger 
(Fig.  244)  have  two  small  terminal  projec- 
tions, clearly  a  conductor  and  an  embolus 
in  the  latter  case  and  probably  also  in  the 
former.  (The  embolus  is  at  the  distal  ter- 
minus of  the  palpal  duct.)  In  Myrmeco- 
typiis  (except  M.  piloms)  there  seems  to 
be  a  general  tendency  for  simplification  of 
the  terminal  stmctures  instead  of  a  trend 
towards  elongation. 

In  Mazax  the  embolus  is  a  small,  thin, 
twisted  structure  in  the  spinoso  and  pax 
species  groups.  Mozox  ajax  has  a  straight, 
fairly  thick  embolus  without  a  terminal 
twist. 

Within  the  genital  bulb,  the  palpal  duct 
(the  "receptaculum  seminis"  of  Comstock, 
1940)  runs  down  the  neck  from  the  em- 
bolus and  into  the  globose  section,  where  it 
makes  one  or  more  loops  and  then  proceeds 
internally  ( within  the  genital  bulb )  and  out 
of  view.  This  basic  pattern  is  typical  of  all 
members  of  the  Castianeirinae,  but  there 
are  some  variations  of  the  pattern  that  are 
constant  within  certain  taxa  and  are  useful 
in  determining  relationships.  Old  World 
species  of  Castiancira,  Corinnomma,  and 
Me  renins  usually  have  the  palpal  duct  run- 
ning down  the  medial  side  of  the  genital 
bulb,  making  then  a  single  lateral  loop.  In 
the  New  World  only  Myrmecotypus  pilosus 
exhibits  this  pattern,  which  suggests  an  Old 


World  origin  of  this  species.  The  New 
World  forms  usualh-  have  more  than  one 
loop.  All  New  World  Casfianeira  have  two 
loops,  one  on  either  side  of  the  descending 
main  palpal  duct — a  lateral  loop  and  a 
medial  loop  (Fig.  2).  The  lateral  loop  is 
larger  and  extends  to  the  distal  portion  of 
the  globose  section  of  the  genital  bulb, 
while  the  medial  loop  is  smaller  and  is 
limited  to  the  basal  half  of  the  globe. 
The  medial  loop  in  CaMianeira  trilineata 
and  C.  memnonia  is  very  small.  Myrme- 
cotypns  niger  also  has  clear  lateral  and 
medial  loops  (Fig.  243)  whereas  M. 
olympus,  M.  orpheus,  and  M.  rettenmeyeri 
have  two  distinct  loops  both  medial  to  the 
main  palpal  duct  (Figs.  255,  260,  262).  This 
latter  pattern  is  apparently  found  only  in 
the  olympus  species  group  of  Myrmecoty- 
pus.  The  other  major  neotropical  genus  of 
the  Castianeirinae,  Myrmeciurn,  also  has 
two  loops  in  the  globe  similar  to  those  of 
Castianeira.  In  Mazax  two  loops  are  pres- 
ent with  the  medial  loop  very  small  in  M. 
pax  and  the  spinosa  species  group,  and 
quite  large  in  M.  ajax. 

In  two  cases,  C.  trilineata  and  M.  olym- 
pus, the  basal  portion  of  the  lateral  side  of 
the  c>Tnbium  bears  a  spine  or  spines.  In 
the  former  species  a  single  heavy  spine  is 
present,  while  in  the  latter  there  is  a  group 
of  spines  ( Fig.  261 ) .  It  is  possible  that  this 
is  a  unique  and  primitive  character. 

In  sum,  the  male  genital  structure  con- 
fimis  that  the  subfamily  is  definitely  mono- 
phyletic;  the  common  ancestral  pedipalp 
had  an  embolus  similar  to  that  of  the 
present-day  Castianeira  memnonia  and  a 
globose  genital  bulb  base  containing  one 
or  more  palpal  duct  loops.  The  relatively 
conservative  arrangement  of  these  loops 
suggests  a  basic  division  of  the  Castianeira 
into  a  New  World  group  and  an  Old  World 
group  and  a  polyphyletic  origin  of  Myr- 
mecotypus. 

Female  genital  structure.  Tlie  internal 
structure  of  the  epigvna  of  Castianeirinae 
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is  extremely  similar  throughout  the  sub- 
family. The  highly  sclerotized  sperma- 
thecae  usually  have  a  large  anterior  section 
(often  globose)  narrowing  to  a  posterior 
neck.  Tubelike  bursae  copulatrices  join 
the  spermathecae  to  the  pair  of  intromittent 
orifices  (Fig.  3).  Because  the  structures 
are  so  simple,  they  are  of  value  as  charac- 
ters only  on  the  highest  (evidence  of  the 
monophylety  of  the  subfamily)  and  lowest 
(diagnostic  difference  between  some  spe- 
cies groups  in  Costianeira)  levels.  There 
is  no  clear  relationship  between  the  em- 
bolus structure  of  the  male  and  the  epigy- 
nal  structure  of  the  female. 

Eye  arrangements  and  sizes.  Eye  ar- 
rangements have  long  been  the  basic  taxo- 
nomic  stand-by  of  arachnologists.  They 
have  been  considered  highly  conservative 
and  therefore  trustworthy.  In  the  North 
and  Central  American  Castianeirinae  there 
are  three  basic  eye  arrangements  and  size 
relationships  which  belong  to  the  three 
major  genera.  Castianeira:  anterior  row 
moderately  recurved;  posterior  row  weakly 
to  moderately  procurved;  eyes  all  moder- 
ately small  to  large,  sometimes  the  anterior 
median  eyes  larger  than  the  laterals  (e.g., 
C.  memnonia,  C.  duhia,  C.  alha,  and  C. 
rica).  Myrmecotypus:  anterior  row  moder- 
ately recurved;  posterior  row  recurved; 
eyes  all  moderately  small,  except  anterior 
median  eyes  twice  the  diameter  of  anterior 
lateral  eyes.  Mazax:  anterior  row  moder- 
ately recurved;  posterior  row  approximately 
straight;  eyes  moderately  large,  with  the 
anterior  median  eyes  slightly  smaller  than 
the  laterals.  Many  other  characters  (e.g., 
thoracic  groove,  presence  of  an  abdominal 
petiole,  and  carapace  shape)  reinforce  the 
divisions  made  on  the  basis  of  eye  char- 
acters. This  seems  to  substantiate  the  value 
of  the  eyes  as  conservative  characters. 

Cheliceral  teeth.  The  two  rows  of  teeth 
on  the  sides  of  the  fang  furrow  consist  of 
at  least  two  teeth  each,  but  often  there  is 
an  additional  denticle  at  the  distal  end  of 


the  promargin  teeth.  This  denticle  is  strong 
in  some,  vestigial  and  almost  absent  in 
others.  For  this  reason  a  strong  denticle  is 
considered  primitive.  In  only  two  species 
of  the  North  and  Central  American  fauna 
is  this  denticle  large  enough  to  be  con- 
sidered a  tooth:  Castianeira  memnonia 
and  Myrmecotypus  pilosus.  The  complete 
absence  of  the  denticle  has  occurred  inde- 
pendently in  several  groups  of  Castianeira 
(e.g.,  C.  ahuelita,  C.  occidens,  and  C.  dor- 
sata)  and  in  the  fidiginosiis  group  of  Myr- 
mecotypus. 

Thoracic  groove.  The  thoracic  groove  or 
fovea  (Fig.  la)  is  generally  present  in 
Castiuneira  and  is  always  absent  in  Myr- 
mecotypus. In  the  latter  it  is  usually  re- 
placed by  a  shallow  thoracic  impression. 
Mazax  usually  has  a  weak  groove,  though 
it  is  strong  in  the  atypical  species,  Mazax 
ajax. 

The  groove  is  the  external  manifestation 
of  an  apodeme  for  the  attachment  of  mus- 
cles. The  size  of  the  spider  may  influence 
the  groove's  size  and  depth  (larger  Cas- 
tianeira generally  have  stronger  grooves), 
but  this  does  not  account  for  tlie  differences 
between  Castianeira  and  Myrmecotypus, 
which  are  probably  phylogenetic  and  fun- 
damental. 

Mimetic  influences.  The  selection  for  ant 
mimicry  in  spiders  influences  both  their 
morphology  and  their  behavior,  as  well  as 
their  ecology,  habitat  preference,  and  phys- 
iology. In  the  section  on  methods,  the  use 
of  certain  morjDhological  indices  as  mimicry 
indicators  is  outlined. 

Within  the  Castianeirinae,  three  of  the 
four  genera  of  North  and  Central  America 
can  generally  be  distinguished  by  certain 
characters  resulting  from  mimetic  selection: 
Mazax  has  a  long,  rugose  abdominal  pet- 
iole; Myrmecotypus  has  a  wide  cephalic 
region;  Sphecotypus  is  elongate  and  has  a 
highly  constricted  carapace  separating  a 
distinct  "head."  Castianeira,  containing 
weak    to    strong    mimics    and    some    non- 
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mimics,  has  a  more  generalized  body  form, 
with  a  cephalothorax  and  an  abdomen 
without  strong  constrictions  or  expansions. 
Non-mimetic  forms  of  Castianeim  probably 
represent  the  general  appearance  of  the 
progenitor  of  the  Castianeirinae. 

Bicolored  carapaces  in  several  species 
(e.g.  C.  cin<iulata,  C.  rothi,  C.  gtmpa,  and 
Mozax  xcixcs)  give  the  impression  of  a 
"head"  separated  from  a  "thorax." 

In  Mazax,  the  basic  mimetic  configu- 
ration probably  coincides  with  its  single  ori- 
gin, i.e.,  it  is  probably  monophyletic.  The 
mimetic  characteristics  in  Myrmecotypiis 
may  well  be  convergent  (see  Male  genital 
structure,  above),  whereas  the  generalized 
characters  in  Castianeira  give  that  genus  a 
general,  all  encompassing  aspect. 

Emphasis  on  characters  not  influenced 
by  mimiciy  (e.g.,  genital  structures  and 
thoracic  groove)  has  prevented  some  poly- 
ph>letic  groupings — the  subfamily  is  clearly 
monophyletic — but  the  vast  impact  of  mim- 
icry has  possibly  preserved  others,  e.g.,  Mijr- 
mecotypus,  and  raised  bizarre  forms  to  the 
generic  level,  e.g.,  Sphecotypus. 

Conclusions.  From  all  the  characters 
considered  above,  two  of  the  three  major 
genera,  Castianeira  and  Mazax,  are  prob- 
ably monophyletic.  The  coincidence  of  the 
peculiar  eye  arrangements  and  sizes  with 
the  presence  of  an  abdominal  petiole  con- 
firms Mazax  s  single  origin.  Castianeira  has 
a  generalized  appearance  and  much  vari- 
abilit\-,  and  although  monophyletic,  may 
coincide  with  the  whole  subfamily,  deriving 
its  monophylety  from  its  all-inclusive  qual- 
ity. 

The  third  major  genus,  Myrmecotypus, 
appears  to  be  monophyletic  when  eye, 
thoracic  groove,  and  mimetic  characters 
are  considered,  but  the  great  variation  in 
male  genital  structure  suggests  a  polyphy- 
letic  group.  Much  more  study  of  more  ex- 
tensixe  collections  will  be  needed  to  clarify 
this  group;  for  the  time  being  both  con- 
venience and  prudence  necessitate  its  unity. 


ZOOGEOGRAPHY 

The  revision  is  geographically  limited  to 
the  Nearctic  and  northern  end  of  the  Neo- 
tropical faunal  regions.   The  Castianeirinae 
found  in  this   area  accurately   reflect   the 
same  general  faunal  region  boundaries  as 
those  often  observed  in  vertebrate  distri- 
butions.   Except  for  some  Neotropical  in- 
cursions into  southern  Texas  and  Florida 
(Castianeira  cuhana  and  Mazax  pax)  and 
some   Nearctic   incursions   into   Cuba    (C. 
floridana)    and  perhaps   southern   Mexico, 
most  of  the  species  groups  are  in  either  the 
Nearctic  or  the   Neotropical   region.    The 
Nearctic  region  can  be  divided  into   two 
areas:   the  North  Temperate  region  and  the 
Nearctic    deserts.     The    North    Temperate 
area  contains  the  longipalpus  (part),  amo- 
ena,  descripta  (except  C.  occidens),  gert- 
schi,    trilineata,    and    cinguhta    groups    of 
Castianeira.    The  Nearctic  deserts  (south- 
western U.   S.  and  northwestern  Mexico) 
contain  the  dugcsii  and  athena  and   part 
of  the  longipalpus  and  dorsata  groups  of 
Castianeira,  as  well  as  C.  occidens.    The 
Neotropical    region    includes    the    dorsata 
(part),  truncata,  duhia,  alba,  similis,  mem- 
nonia,  cuhana,  peregrina,  and  cincta  groups 
of  Castianeira.    All  Maz^ix  and  Myrmeco- 
typus (except  the  atypical  Myrmecotypus 
lineatus)     are    Neotropical.     The    species 
groups  seem  to  be  arranged  the  same  way 
geographically  as  they  are  phylogenetically. 

Castianeirinae  is  predominantly  a  tropi- 
cal subfamily  and  probably  originated  in 
the  tropics.  Limitations  both  in  the  scope 
of  this  revision  and  in  the  collections  from 
tropical  South  America  and  Africa  prevent 
determination  of  the  origin  and  distribution 
of  the  subfamily. 

Presumably  these  spiders  disperse  mainly 
b\-  ballooning.  However,  only  a  few  species 
show  wide  distributions.  Only  two  species 
occur  in  the  West  Indies  ( excluding  Cuba ) 
— Mazax  spinosa  and  M.  chickeringi,  the 
latter  endemic  to  Jamaica.  Mazax  spinosa 
on  St.  Vincent  and  St.  Lucia  probably  came 
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through  Trinidad  and  should  be  considered 
part  of  the  South  American  fauna. 

INTRASPECIFIC  VARIATIONS 

In  addition  to  normal  color  size  variations 
within  a  population,  two  types  of  intra- 
specific  morphological  variation  are  ob- 
served in  the  mature  forms  of  these  spiders: 
sexual  and  geographic. 

Several  secondary  sexual  characters  are 
exhibited.  The  females  are  usually  larger, 
have  a  wider  cephalic  region  and  a  much 
smaller  abdominal  dorsal  sclerite  than  the 
males.  Sexual  dimorphism,  in  conjunction 
with  color  and  age  variations,  has  been 
utilized  in  mimetic  polymoq^hism. 

Castianeira  ctihona  and  Mozax  pax  both 
have  distinct  geographical  color  fonus  and 
could  be  polytypic  species,  but  this  can 
be  determined  only  when  the  discontin- 
uities in  the  collecting  have  been  eliini- 
nated.  The  posterior  abdominal  red  spot 
in  Castianeira  dcscripta  varies  geograplii- 
cally  in  a  cline  from  a  very  small  spot  in 
the  north  to  a  large  one  in  the  south  and 
west  (see  Map  6).  Several  other  species 
show  geographic  differences  (e.g.,  abdom- 
inal pattern  variations  in  Castianeira  vari- 
ata  and  size  differences  in  C.  longipalptis) , 
but  they  are  not  distinct. 

There  are  several  closely  related  groups 
of  allopatric  species  that,  with  further  in- 
vestigation, may  turn  out  to  be  very  variable 
single  species  (e.g.,  Castianeira  crocata-C. 
floriclana,  C.  descripta-C.  occidens-C.  ival- 
singhami,  and  C.  amoenu-C.  alteranda). 

Size  variations  within  a  single  species 
can  be  observed  in  the  Measurements  sec- 
tion under  each  species,  which  lists  the 
range  of  each  measurement. 

MIMICRY 

The  ant  mimicry  exhibited  in  these  spi- 
ders ranges  from  a  very  generalized  sort  to 
species-specific  accuracy.  The  very  gener- 
alized or  familial  ant  mimics  include  many 
of  the  North  American  species  (e.g.,  Cas- 
tianeira lonoipalpus,  C.  cingulata,  and  C. 


trilineata),  which  resemble  moderate  to 
large  brownish  or  black  ants.  A  more  spe- 
ciaHzed  group  is  that  of  the  subfamilial  and 
generic  ant  mimics  (e.g.,  C.  rica  and  C. 
diibia  in  Central  America),  which  are 
accurate  myrmicine  or  ponerine  mimics. 
Finally,  the  specific  ant  mimics  (e.g.,  Myr- 
mecotijpus  rettenmeijeri,  a  Panamanian  spi- 
der that  resembles  Camponotus  serceiven- 
tris)  have  a  single  species  as  their  model, 
and  their  mimetic  modifications  are  clearly 
associated  with  that  species. 

A  stable  situation  must  exist  for  the  more 
specific  forms  of  mimicry  to  arise.  The 
mimic  must  remain  temporally  and  spatially 
sympatric  with  the  model  during  the  long 
period  of  selection  for  specific  mimicry. 
The  tropical  forests  offer  such  long  range 
stability,  and  the  most  accurate  mimics  are 
found  there. 

Several  species  are  likely  mutillid  wasp 
mimics,  having  red-orange  spots  or  stripes 
on  their  abdomens.  This  coloration  has 
apparently  arisen  in  these  species  indepen- 
dently (see  Remarks  under  Castianeira 
dor. sat  a ) . 

METHODS 

The  characteristics  and  measurements 
(and  the  indices  derived  from  these  mea- 
surements) used  in  describing  and  com- 
paring the  species  covered  by  this  revision 
were  chosen  using  two  separate  cri- 
teria :  ( 1 )  characteristics  that  delimit  the 
true  or  phylogentic  differences  between 
taxa  (species  or  genera)  or  sexes,  and  (2) 
characteristics  that  exhibit  the  influence  of 
selection  for  ant  mimicry. 

The  quantitative  measurements  (listed 
below)  are  mainly  of  the  exoskeleton  and 
genital  apparatus.  With  the  exception  of 
measurements  of  the  genitalia,  they  are  ac- 
curate to  0.05  millimeters.  Measurements 
of  the  genitalia  are  accurate  to  0.01  milli- 
meters. 

A  section  on  Measurements  precedes  the 
description  of  each  species.  In  this  section 
the  measurements  of  the  type  are  presented 
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Left,     Dorsal     view     of     spider     (schematic).      Right,     Ventral    view    of    spider    (schematic). 


first  (if  available),  followed  by  the  range 
of  the  other  specimens  measured.  At  least 
ten  males  and  ten  females  of  each  spe- 
cies were  measured,  when  possible,  from 
throughout  its  geographic  range.  Averages 
and  associated  standard  deviations  are  not 
meaningful  when  taken  on  these  diverse 
samples. 

All  qualitative  characteristics,  as  well  as 
quantitative  characteristics  of  a  discon- 
tinuous nature,  are  included  in  the  section 
entitled  Description. 

MORPHOLOGY  AND  MEASUREMENTS 

Cephalothorax.  The  cephalothorax  dor- 
sally  consists  of  a  shell-hke  carapace  with 
eight  eyes  at  the  anterior  end  ( arranged  in 
two  rows),  and  often  a  longitudinal  thora- 
cic groove;  it  can  be  divided  into  a  cephalic 
region  and  a  thoracic  region  (Fig.  la). 
Vcntrally  (Fig.  lb)  there  is  a  sternum,  a 
labium  and  its  bracketing  endites  (the 
coxae  of  the  pedipalps),  and  a  pair  of 
chelicerae.  The  following  measurements  on 


the  cephalothorax  are  reported  in  this  re- 
vision: 
Carapace  length:  maximum  longitudinal 
length  of  the  carapace  when  viewed  dor- 
sally  from  the  anteriormost  area  between 
the  anterior  median  eyes  to  the  posteri- 
ormost  point  of  the  carapace. 
Carapace  width:  maximum  width  of  the 
carapace  when  viewed  dorsally. 
Cephalic  width:   width  of  the  cephaHc 
region  of  the  carapace  at  the  level  of  the 
posterior  row  of  eyes  when  viewed  dor- 
sally. 

Sternum  length:  maximum  length  of  the 
sternum  when  viewed  ventrally.  The 
length  includes  the  posterior  sclerotized 
extension  of  the  sternum  found  in  many 
species. 

Sternum  width:  maximum  width  of  the 
sternum  (not  including  extensions  of 
the  sternum  between  the  coxae)  when 
viewed  ventrally. 

From  these  measurements  several  pro- 
portional indices  are  derived.  Proportional 
indices  are  often  useful  in  making  objective 


174        Bulletin  Museum  of  Comparative  Zoology,  Vol.  138,  No.  5 


comparisons  between  different  individuals 
in  a  population  or  species,  or  between  dif- 
ferent species  or  other  taxa,  because  the 
emphasis  on  linear  size,  which  is  so  vari- 
able, is  diminished.  Variation  in  the  abso- 
lute size  of  a  spider  is  dependent  on  many 
environmental  conditions  (length  of  grow- 
ing season,  abundance  of  food,  etc.),  but 
the  relationships  disclosed  by  the  propor- 
tions often  exhibit  the  actual  phenotypic 
characteristics.  For  example,  the  carapace 
length  of  the  females  of  Castianeira  longi- 
palpits  ranges  from  2.75  to  4.00  millimeters, 
but  the  carapace  index  (see  below)  ranges 
from  66-71,  and  the  smallest  and  largest 
specimens  have  the  same  carapace  index, 
66. 

The  carapace  and  sternum  indices  (see 
below)  are  derived  by  dividing  the  width 
by  the  length.^  Any  elongation  of  these 
two  structures  will  result  in  low  index  val- 
ues. Because  the  ants  are  often  thinner 
than  the  spiders  that  mimic  them,  and  thin- 
ness and  elongation  in  the  spiders  often  en- 
hance their  mimetic  resemblance,  these  two 
indices  can  be  used  as  indicators  of  mim- 
icry, very  low  values  almost  always  indi- 
cating the  morphological  result  of  strong 
selection  for  mimicry.  The  following  in- 
dices are  derived  from  the  measurements 
described  above: 

Carapace  index:  carapace  width/cara- 
pace  length  X  100.  All  indices  are  in  the 
nearest  whole  unit.  A  high  index  value 
represents  a  wide  carapace,  whereas  a 
low  index  value  represents  a  narrow  one. 
A  mimicry  indicator. 
Ceplialic  width  index:  cephalic  width/ 
carapace  width  X  100.  This  is  an  index 
of  the  narrowness  of  the  head  region. 
Sternum  index:  sternum  width/sternum 
length  X  100.    This  is  another  indication 


^  Most  of  the  indices  are  established  so  that 
they  result  in  values  below  100  (i.e.,  the  smaller 
of  two  measurements  divided  by  the  larger). 
Hopefully  these  indices  will  be  more  easily  com- 
prehended than  their  reciprocals  would  be. 


of  the  degree  of  elongation  in  the  cepha- 
lothorax.  A  mimicry  indicator. 
Legs.  Many  arachnologists  report  the 
length  of  every  segment  of  every  leg  in  the 
description  of  a  spider.  In  measuring  many 
hundreds  of  spiders  this  task  is  both  tedi- 
ous and  often  incomplete  (due  to  the  ab- 
sence of  some  legs).  In  addition,  within 
a  certain  taxon  constant  size  ratios  emerge. 
For  example,  in  the  longipalpus  group  of 
the  Castianeira  the  length  of  femur  IV 
(legs  numbered  using  Roman  numerals)  is 
always  between  25  and  28  per  cent  of  the 
length  of  the  whole  leg  IV,  and  the  length 
of  leg  I  is  between  69  and  75  per  cent  of 
the  length  of  leg  IV.  For  these  reasons,  the 
only  segment  of  the  legs  measured  was  the 
femur  of  leg  IV,  the  longest  leg  segment  in 
these  spiders. 

Femur  IV  length:  the  maximum  length 
of  the  fourth  femur  when  viewed  later- 
ally. 

Femur  IV  width:  the  maximum  width  of 
the  fourth  femur  when  viewed  laterally. 
The  femur  is  usually  widest  at  the  level 
of  the  large  dorsal  spine  near  the  proxi- 
mal end  of  the  dorsal  edge  of  the  femur, 
and  the  measurement  includes  the  tu- 
bercle on  which  the  spine  is  mounted,  if 
it  is  present. 

From  these  measurements  the  following 
indices  are  derived: 

Leg  thickness  index:    femur  IV  width/ 
femur  IV  length  X  100.    A  low  value  in- 
dicates a  thin  leg  and  a  high  value  a  thick 
one.   A  mimicry  indicator. 
Leg    length    index:     femur    IV    length/ 
carapace  length  x  100.  This  is  a  measure 
of  the  general  stockiness  of  the  spider, 
thinner  spiders  generally  having  a  higher 
index  value,  and  is  therefore  somewhat 
of  a  mimicry  indicator. 
Abdomen.    The   abdomen   of  the    adult 
always  has  a  dorsal  sclerite,  fully  covering 
the  abdomen  in  the  male  but  often  small 
or  moderately  small  in  the  female.    Ven- 
trally  both  sexes   have  epigastric  sclerites 
(on  which  the  female  has  its  epigynum) 
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and  often  a  small  inframammilliary  sclerite 
just  anterior  to  the  spinnerets.  In  addition, 
the  male  has  a  xentral  sclerite  from  the  epi- 
gastric furrow  running  towards  the  infra- 
mammilliary sclerite  ( Fig.  16 ) . 

The  pedicel  is  the  stalk  between  the 
cephalothorax  and  the  abdomen  and  is  usu- 
ally very  short  and  inconspicuous.  In  some 
species  it  is  somewhat  elongated. 

The  petiole  is  the  narrowed  extension  of 
the  abdomen  anteriorly.  In  Mazax  this  is 
pronounced  and  heavily  sclerotized  ( a  dor- 
sal extension  of  the  epigastric  sclerite). 

The  follo\\'ing  measurements  on  the  ab- 
domen have  been  taken  and  are  reported 
on  in  this  study. 
Abdomen  length:  maximum  length  of 
the  abdomen  when  viewed  dorsally. 
Abdomen  width :  maximum  width  of  the 
abdomen  when  viewed  dorsally. 
Dorsal  sclerite  length:  maximum  length 
of  the  dorsal  abdominal  sclerite  when 
viewed  dorsally.  This  and  the  following 
measurement  are  almost  synonymous 
with  the  abdomen  length  and  width  in 
males,  where  the  sclerite  is  usually  full. 
Dorsal  sclerite  width:  maximum  ^^'idth 
of  the  dorsal  abdominal  sclerite  when 
viewed  dorsally. 

Petiole  length:  maximum  length  of  ab- 
dominal anterior  petiole  when  viewed 
dorsally.  This  measurement  has  been 
taken  only  on  members  of  the  genus 
Mazax. 

The  following  indices  are  derived  from 
the  measurements  above: 

Abdomen  index:  abdomen  width/ ab- 
domen length  X  100.  This  is  quite  vari- 
able in  the  females.  The  non-sclerotized 
(non-rigid)  portion  of  the  abdomen  var- 
ies greatly  in  size,  depending  on  whether 
or  not  the  spider  is  gravid  and/ or  well 
fed.  On  the  other  hand,  the  abdomens 
of  the  males  are  completely  covered  by 
sclerites,  and  the  index  values  are  less 
variable.  This  is  a  good  mimicry  indi- 
cator, especially  in  the  males. 
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Fig.    2.      Left    male    pedlpalp,    ventral    view.      (Genital    bulb 
covered    dorsally    by    the    cymbium.) 


Dorsal    sclerite    index:      dorsal    sclerite 

width/ dorsal  sclerite  lengtli  X  100. 

Total  length.  The  total  length  of  a  spider 
can  be  roughly  calculated  by  adding  the 
abdomen  length  and  the  carapace  length. 

Male  genitalia.  The  separation  of  species 
is  greatly  facilitated  by  genital  charac- 
teristics, the  structures  varying  very  little 
within  a  species. 

In  the  pedipalps  of  mature  male  spiders, 
the  tarsal  segment  is  modified  as  an  intro- 
mittent  organ  to  hold  the  spenn.  The 
sperm  is  emitted  from  the  genital  pore  (at 
the  center  of  the  epigastric  furrow)  into  a 
spei-m  web,  taken  into  the  genital  bulb,  and 
finally  transferred  to  the  epigynum  of  the 
female  spider  in  mating.  The  pedipalps  of 
all  males  of  the  Castianeirinae  have  a  large 
cymbium  covering  the  genital  bulb  dor- 
sally. The  genital  bulb  has  a  globular  base 
and  a  narrower  distal  neck  ending  in  a 
sclerotized  embolus  (Fig.  2).  It  contains 
a  tubelike  coiled  canal,  the  palpal  duct.  In 
many,  but  not  all,  Castianeirinae  the  em- 
bolus is  a  fairly  straight,  highly  sclerotized 
structure.   In  species  having  straight  emboli 
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the    following    useful    measurements    have 
been  made: 

Embolus  length:  length  of  highly  scle- 
rotized  portion  of  the  distal  end  of  the 
genital  bulb  when  viewed  ventrally. 
BuJh  length:  length  of  entire  genital 
bulb  from  bottom  of  globular  region  to 
tip  of  embolus. 

And  from  these  two  measurements  the 
following  index  is  derived: 

Male  genital  index:  embolus  length/ bulb 
length  X  100.    This  index  is  remarkably 
constant  within  a  species  and  is  not  cor- 
related with  any  epigynal  structures. 
In  the  species  in  which  the  distal  end  of 
the  genital  bulb  is  strongly  twisted,  these 
measurements  and  the  index  derived  from 
them   cannot   be   made    (e.g.,   Castianeira 
memnonia,  C.  trilineata,  and  several  species 
of  Myrmecotypu.s). 

The  arrangement  of  loops  made  by  the 
palpal  duct  is  also  constant  and  invariable 
and  is  characteristic  of  certain  taxa  (spe- 
cies, species-groups,  and  genera).  In  all 
cases,  the  palpal  duct  runs  a  longitudinal 
tube  towards  the  embolus  from  the  basal 
portion  of  the  genital  bulb,  where  there  are 
one  or  more  loops. 

Often  there  is  a  prolateral,  heavily  scle- 
rotized  tibial  apophysis  (Fig.  2);  this  is 
invariably  simple. 

In  a  few,  isolated  cases,  there  are  heavy 
spines  on  the  retrolateral  base  of  the  cym- 
bium  (e.g.,  C.  trilineata  and  Mijrmccotijpus 
olympu.s). 

Female  genitalia.  The  epigyna  of  the  fe- 
males of  the  Castianeirinae  are  quite  sim- 
ple, with  two  openings  ( intromittent  ori- 
fices )  just  anterior  to  the  epigastric  furrow, 
opening  into  a  pair  of  tubelike  bursae  copu- 
latrices  leading  to  heavily  sclerotized  sper- 
mathecae,  usually  having  an  anterior  bulb 
section  and  a  posterior  neck  section,  al- 
though the  separation  of  the  two  sections 
is  often  vague  and  sometimes  non-existent. 
The  fertilizaticm  tubes  leading  from  the 
spermathecae  to  the  oviduct  arise  from  the 
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Fig.    3.      Internal    epigynum,    dorsal    view. 

posterior  ends  of  the  spermathecae  and  are 
not  sclerotized  (Fig.  3). 

The  shape,  size,  and  direction  of  the  in- 
tromittent orifices,  the  shape  of  the  sperma- 
thecae, and  the  simple  convolutions  of  the 
bursae  copulatrices  are  often  useful  specific 
characteristics. 

MORPHOLOGY  AND  DESCRIPTIONS 

The  descriptions  include  the  qualitative 
characteristics  (color,  general  shape,  dis- 
tribution of  hair,  genital  structures,  etc.), 
discontinuous  quantitative  characteristics 
(spination,  cheliceral  teeth,  abdominal 
setae),  and  some  other  quantitative  char- 
acteristics (cephalic  width  index). 

Color.  The  following  range  of  color  is 
used  to  describe  the  spiders:  (from  lightest 
to  darkest)  white,  creamy  white,  yellow- 
white,  yellow,  yellow-brown,  yellow-orange, 
orange,  orange-brown,  red-brown,  brown, 
purple-brown  (usually  non-sclerotized  sur- 
faces), maroon,  maroon-brown,  brown- 
black,  black.  Most  of  these  are  modified  by 
using  "light,"  "dark,"  or  "deep."  But  more 
important  than  the  precise  color  is  the 
relative  color  of  different  parts — i.e.,  the 
pattern.  A  leg  may  be  described  as  orange- 
brown,  and  vary  in  the  species  from  yellow- 
brown  to  red-brown,  but  if  the  tibia  or  leg  I 
is  described  as  lighter  than  the  tibia  of  leg 
IV,  it  is  usually  a  constant  relationship. 

Hair  and  setae.  The  hairs  on  the  cara- 
pace are  usually  simple,  short  hairs,  al- 
though they  are  often  somewhat  longer  in 
the  cephalic  region.  Often  there  are  plu- 
mose, feather-like  hairs  ( usually  making  up 
any  longitudinal  band  of  white  hairs ) .  The 
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Fig.    4.     Trochanter    notch. 

hairs  of  the  abdomen  are  almost  exclusively 
short  and  plumose.  Abdominal  hair  pat- 
terns are  often,  but  not  always,  reinforced 
by  underlying  pigment  patterns  ( as  the  red 
abdominal  spot  in  C.  descripta,  C.  crocata, 
C.  jloridana,  and  C.  occidens). 

Tlie  sternum  is  usually  sparsely  covered 
with  long  simple  hairs  or  thicker  setae  ( see 
section  on  abdominal  setae  below). 

The  legs  are  usually  covered  with  non- 
erect,  simple  hairs,  and  density  is  expressed 
as  lightly,  moderately,  or  heavily  hirsute. 

Thorocic  groove.  The  thoracic  groove 
("fovea"  of  British  arachnologists )  (Fig. 
la )  is  expressed  as  weak,  moderately  weak, 
moderate,  moderately  strong,  or  strong,  de- 
pending on  its  length  and  depth.  In  some 
taxa  it  is  entirely  absent  and  is  often  re- 
placed with  a  poorly  defined  thoracic  im- 
pression. 

Trochanter  IV  notch.  On  the  distal,  ven- 
tral margin  of  the  trochanter  (second  seg- 
ment of  the  leg)  there  is  often  a  small  notch 
( Fig.  4 ) .  Tliis  notch  is  usually  rounded  and 
is  strong,  moderate,  weak,  or  absent. 

Sculpture.  Sculptural  characteristics  are 
not  found  extensively  in  the  Castianeira, 
but  are  used  in  Mazax,  where  great  differ- 
ences in  surface  textures  exist.  Surfaces 
are  described  as  granulose,  rugose  (full  of 
wrinkles ) ,  or  smooth. 


Tibia 


Patella 


Fig.    5.     Tibia    I    ventral    spination:     3-2. 

Spinution.  The  legs  are  usually  quite 
spiniferous,  but  the  number  and  positions 
of  the  spines  are  relatively  variable  within 
a  species.  The  ventral  spination  of  the  tibia 
of  leg  I  is  reported  because  the  spination  is 
fairly  constant,  easily  observable,  and  often 
useful  in  distinguishing  between  species  or 
species-groups.  Of  the  two  numbers  in  the 
notation  (e.g.,  see  Fig.  5),  the  first  repre- 
sents the  prolateral  ventral  spines  and  the 
second  the  retrolateral  ventral  spines.  In 
addition,  the  spines  are  described  as  weak, 
moderate,  or  strong  (character  of  thick- 
ness), and  short,  moderately  short,  moder- 
ately long,  or  long. 

Abdominal  setae.  The  abdomen  usually 
has  two  pairs  of  setae  at  its  anterior  dorsal 
end — an  anterior,  or  first  pair,  and  a  pos- 
terior, or  second  pair  (Fig.  6).  The  first 
pair  is  usually  thinner  than  the  second.  In 
Mazax  the  second  pair  is  often  developed 
into  heavy  spines.  The  setae  are  described 
as  either  hairlike,  very  thin,  thin,  moder- 
ately thin,  moderate,  moderately  stout,  or 
stout. 

Chelicerae  and  cheliceral  teeth.  The 
color  of  the  chelicerae  is  that  of  its  anterior 
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Fig.  6.     Abdominal  setae  (lateral  view  of  anterior  abdomen). 

surface  and  is  often  the  same  as  that  of  the 
carapace.  The  fangs  are  simple,  fairly 
heavy,  and  evenly  curved. 

The  cheliceral  teeth  are  in  two  rows — 
the  promargin  teeth  and  the  retromargin 
teeth.  The  retromargin  teeth  are  closer  to 
the  base  of  the  fang  than  are  the  promargin 
teeth  (Fig.  79).  Sometimes  there  is  a  den- 
ticle near  the  distal  promargin  tooth.  The 
only  difference  between  a  denticle  and  a 
small  tooth  is  a  difference  in  size,  and  it 
is  therefore  sometimes  a  subjective  one. 
In  most  cases  the  denticle  is  clearly  a  tiny 
vestige  of  a  functional  tooth. 

In  a  few  small  species  of  Ca.stianeira  the 
apical  setae  on  the  promargin  of  the  che- 
licerae  are  thickened  and  serrated,  forming 
a  "rake"  or  heavy  claw  ( Figs.  267,  270,  273 ). 

Eyes.  Curvature  of  the  eye  rows  is  deter- 
mined by  observing  the  carapace  dorsally. 
In  recurved  row  of  eyes,  the  medial  eyes 
are  anterior  to  the  lateral  eyes;  in  a  pro- 
curved  row,  the  medial  eyes  are  posterior 
to  the  lateral  eyes. 

ILLUSTRATIONS 

The  illustrations  were  made  under  a 
microscope,  using  different  magnifica- 
tions— 15  X  for  cephalothoraxes,  abdomens, 
and  some  other  large  parts,  90  X  for  male 
and  female  genitalia  and  eyes,  and  216  X 
for  embolus  tips.  The  scales  of  the  illustra- 
tions for  each  magnification  are  constant, 
thereby  facilitating  direct  comparisons  of 
all  homologous  structures. 

The  male  and  female  genitalia  of  each 
species  are  drawn  showing  ( 1 )  the  ventral 


aspect  of  the  male  pedipalp  and  usually 
the  details  of  the  tip  of  its  embolus  and  ( 2 ) 
an  external  and  internal  view  of  the  epigy- 
num  (the  latter  illustration  showing  the 
structure  cleared  in  clove  oil).  No  attempt 
was  made  to  indicate  hirsuteness  or  spina- 
tion  in  these  drawings. 

The  abdomens  are  drawn  schematically 
in  Plates  IV,  VI,  IX,  XII,  XIV,  and  XIX. 
The  different  shadings  represent  relative 
hair  or  pigment  colors,  with  white  generally 
representing  either  white  hair  or  light  pig- 
mentation, grey  representing  brown,  black, 
or  dark  hair  or  dark  pigmentation,  and 
horizontal  stripes  representing  yellow, 
orange,  or  red-orange  hairs  or  pigmenta- 
tion. These  figures  are  merely  aids  to  the 
descriptions  and  should  be  used  in  con- 
junction with  them. 

SYSTEM  OF  CLASSIFICATION 

A  major  objective  of  tliis  study  is  the 
design  of  a  classification  that  is  both  natural 
and  highly  utilitarian.  The  emphasis  on 
utility  is  reflected  in  a  conservative  ap- 
proach to  nomenclature  and  in  the  use  of 
a  simple  hierarchy.  Within  the  sub-family, 
only  the  categories  genus  and  species  are 
used,  with  the  species  arranged  in  species- 
groups  that  reflect  their  obvious  relation- 
ships. The  use  of  many  categories  to  illus- 
trate better  the  relationships  among  taxa 
may  be  very  praiseworthy,  but  is  also  very 
risky,  especially  considering  the  "immortal" 
quality  of  the  family-group,  genus-group, 
and  species-group  names  proposed.  Only 
a  careful  and  exhaustive  study  of  an  ex- 
tremely well-collected  group  (such  as  the 
birds  or  mammals )  over  its  complete  range 
might  usefully  employ  the  many  categorical 
subdivisions. 

A  hierarchy  utilizing  subfamily,  tribe, 
genus,  subgenus,  species,  and  subspecies 
could  be  applied  to  this  revision  (for  in- 
stance, the  cinctus  species-group  of  the 
Castioneira  could  be  considered  a  sub- 
genus, or  the  two  forms  in  the  variation  of 
Castiancim   cuhanus  could  be   given   sub- 
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specific  names),  but  it  would  have  the 
weakness  of  depending  on  relatively  in- 
complete collections  from  but  a  part  of  the 
taxon's  distribution  (in  this  case  a  clearly 
monoph\'letic,  world-wide  subfamil\- ) .  The 
classification  in  this  revision  is  both  stable 
and  flexible.  No  restrictive  pigeon  holes 
ha\e  been  created  that  will  hinder  future 
work  with  the  more  complete  and  extensive 
collections  that  will  be  made.  The  relation- 
ships between  the  taxa  studied  are  stated 
without  petrifying  the  classification  with 
tribal,  subgeneric,  and  subspecific  names. 

RECORDS 

The  complete  records  for  each  species 
are  included  in  the  thesis  form  of  this  re- 
vision (Reiskind,  1967).  If  the  species  is 
\\idespread,  only  a  general  description  of 
its  distribution  and  a  map  are  presented 
here;  if  it  is  more  restricted,  more  specific 
distribution  records  are  added. 
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TAXONOMY 

Subfamily  CASTIANEIRINAE  new  subfamily 

Type-Genus.  Casiianeim  Keyserling  1879. 

Characteristics.  Two  rows  of  eyes,  the 
posterior  row  wider  than  the  anterior  row; 
the  posterior  eyes  about  equal;  the  median 
eyes  of  the  anterior  row  slightly  smaller  to 
much  larger  than  the  lateral  eyes. 

Endites  truncated  at  apex  with  no  de- 
pression or  constriction  in  the  middle  of 
their  ventral  faces. 
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MYRMECOTYPUS 


Diagram    1.      Origins    of    the    North    and    Central    American    Castianeirinae.     The    solid    lines    indicate    the    probable    origins, 
while    the    dashed    lines    suggest    the    possible    polyphyletic    origins    of    Myrmecofypus. 


Carapace  and  abdomen  hairless  or  cov- 
ered with  simple  and  pkimose  hairs  but 
never  with  iridescent  scales. 

Female  genitalia  with  a  simple  pair  of 
epigynal  openings;  bursae  copulatrices 
leading  to  heavily  sclerotized  spermathecae. 

Male  pedipalp  with  a  large  cymbium 
completely  covering  the  dorsal  portion  of 
the  genital  bulb.  Tlie  genital  bulb  with  a 
globular  base  and  always  somewhat  ex- 
tended anteriorly  with  an  embolus  at  its 
distal  end.  Palpal  duct  pattern  of  one  or 
more  loops  in  the  basal  portion  of  the  gen- 
ital bulb. 

Anterior  spinnerets  conical  (never  cylin- 
drical) and  adjacent  to  one  another. 

Leg  length  order  usually  412  3  but  some- 
limes  4  1 .3  2. 

Distribution.  World-wide  but  predom- 
inantly tropical  and  subtropical. 

Diagnosis.  Members  of  this  subfamily 
differ  from  other  members  of  tlie  Club- 
ionidae  in  their  distinctive  male  pedipalp 


and  simple  epigynal  structure.  Another  dis- 
tinctive character  is  the  shape  of  the  en- 
dites. 

Discussion.  Justification  for  the  proposal 
of  a  new  subfamily  has  been  outlined  in 
Reclassification  of  the  Micariinae,  p.  164. 

From  the  North  and  Central  American 
representatives  of  this  subfamily,  it  appears 
that  Castianeira  is  a  large,  generalized  group 
and  that  the  other  genera  are  specialized 
groups  derived  from  Castianeira.  The  re- 
lationships of  the  genera  in  this  study  (see 
Phijlogenetic  Relationships  of  the  Genera, 
p.  167)  are  summarized  in  Diagram  1. 

Key  to  North  and  Central  American 
Genera  of  CASTiANEmiNAE 


la. 


lb. 


Abdomen  with  a  distinct,  rugose  abdominal 
petiole  (Fig.  285);  anterior  eyes  approxi- 
mately equal  or  anterior  median  eyes  smaller 

than  laterals    Mazax 

Abdomen  with  a  negligible  petiole;  anterior 
eyes  approximately  equal  or  anterior  median 
eyes  larger  than  laterals    2 
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2a.  Thoracic  groo\^e  absent  (often  a  depression 
present);  anterior  median  eyes  much  larger 
than  anterior  lateral  eyes    3 

2b.  Thoracic  groo\e  present;  anterior  median 
e\es    approximately    equal    to    or    slightly 

larger  than  anterior  lateral  eyes    

Castianeira  (except  C.  trimac) 

3a.    Narrow  carapace  (carapace  index  less  than 

60);  posterior  eyes  recurred  

Mijrmccotypus  or  Sphccotijjnis 

3b.  Wide  carapace  ( carapace  index  greater 
than  60);  very  small;  posterior  eyes  pro- 
curved    C.    trimac 

Castianeira   Keyserling 

Castianeira  Keyserling,  1879,  \'erhandl.  Zool. 
Botan.  Ges.  Wien  29:334-335,  pi.  4,  fig.  28,  S  . 
Tvpe-species  by  monotypy;  Castianeira  ruhi- 
cunda  Keyserling,  op.  cit.,  29:335-336,  pi.  4, 
fig.  28,  $,  from  New  Grenada,  northern  South 
America;  in  the  British  Museum  ( Natural  His- 
tory ) . 

Micariatihx  Becker,  1879,  Ann.  Soc.  Entomol.  Bel- 
gium 22:82,  pi.  2,  figs.  9,  10,  6  ■  Type-species 
by  monotypy:  Micariaulax  dugesii  Becker,  op. 
cit.,  22:83,  pi.  2,  figs.  9,  10,  S,  from  Guana- 
juato, Mexico;  in  the  Brussels  Museum,  ex- 
amined. 

Tylophora  Pavesi,  1880,  Ann.  Mus.  Civ.  Genova 
15:. 344-345,  S,  2.  Type-species  by  monotvpy: 
Tylophora  antinorii  Pavesi,  op.  cit.,  15:345-347, 
$,  9,  from  Ludien  near  Tozer  [Tozeur],  Tuni- 
sia; in  the  Genoa    Museum. 

Thargalia  Karsch,  1880,  Z.  Ges.  Naturwiss.  53: 
376.  Type-species:  Thargalia  memnonia  (C.  L. 
Koch). 

Geotrecha  Emerton,  1889,  Trans.  Connecticut 
Acad.  Sci.  8(9):168-169.  Type-species:  Geo- 
trecha crocata  ( Hentz )  ( see  synonymies  of  Cas- 
tianeira descripta ) . 

Fedo  O.  P.-Cambridge,  1896,  Biol.  Centrali- 
Americana  Arachnida  1:219,  pi.  26,  fig.  14,  ?. 
Type-species  by  monotypy:  Pedo  ornaius  O.  P.- 
Cambridge, o]).  cit.,  1:220,  pi.  26,  fig.  14,  $, 
from  Amula,  Guerrero,  Mexico;  in  the  British 
Museum    (Natural  History),   examined. 

Characteristics.  Two  rows  of  eves,  the 
posterior  row  slightly  wider  than  the  an- 
terior row;  anterior  row  moderateh-  re- 
curved, the  posterior  row  moderately  to 
slightly  prociirved;  eyes  approximately 
equal  but  often  with  anterior  median  eyes 
larger  than  anterior  lateral  eyes. 

Thoracic  groove  usually  present,  often 
strong.  Cephalic  region  of  carapace  moder- 


ately narrow  (cephalic  width  index  47-73, 
with  C.  ciibana  accounting  for  the  values 
over  67). 

Tibia  I  ventral  spination  .3-3  or  less.  Tro- 
chanter IV  notch  often  present  and  deep. 

Wide  range  of  lengths  (carapace  length 
1.10-5.40  mm)  with  a  carapace  index  of 
54-76  ( moderate  to  wide ) . 

Distri])ution.    Cosmopolitan. 

Discussion:  The  original  description  of 
Castianeira  (Keyserling,  1879)  was  much 
more  limited  in  its  scope  than  the  one 
above.  The  genus  is  based  on  a  species  ( C. 
rubicunda  Keyserling)  closely  related  to  C. 
memnonia,  and  the  generic  description  spe- 
cifically mentions  that  the  legs  are  "slender 
and  spiney"  and  "the  anterior  median  eyes 
are  considerably  larger  than  the  other, 
rather  equal,  ones."  Since  that  time  the 
generic  limits  have  been  considerably 
broadened. 

Castianeira  is  a  generalized  genus.  In 
possessing  general  characters  of  carapace 
shape,  thoracic  groove,  and  eye  arrange- 
ment, it  seems  to  be  the  group  from  which 
many  of  the  more  bizarre  genera  have 
arisen — e.g.,  Mazax  and  Mijrmecium.  Within 
this  large,  diversified  genus  in  North  and 
Central  America  certain  relationships  can 
be  seen.  The  species  groups  are  the  prod- 
ucts of  the  most  obvious  relationships. 

Three  species  groups  in  the  North  Amer- 
ican fauna — the  longipalpus,  amocna,  and 
descripta  groups — fall  into  one  major  group, 
with  C.  trilincata  and  C.  cingidata  set  far 
apart  from  them,  though  perhaps  close  to 
one  another.  The  dugesii  and  athena  groups 
are  mainly  restricted  to  the  desert  region 
of  southwestern  U.  S.  and  northern  Mexico, 
and  the  dorsata  group  resembles  the  main 
U.  S.  forms,  though  their  genitalia  are  some- 
what different. 

The  duhia,  alba,  similis,  and  memnonia 
groups  are  strictly  neotropical;  they  have 
large  anterior  median  eyes,  and  many  mem- 
bers are  highly  modified  for  mimetic  re- 
semblances to  ants.  The  four  groups  are 
genitalically  quite  different  from  one  an- 
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other,  and  the  determmation  of  relation- 
ships is  further  comphcated  by  their  con- 
vergence because  of  selection  for  mimicry. 
The  cuhana  and  cincta  groups  are  small 
spiders,  all  with  fairly  typical  genitaUa,  the 
cincta  group  having  a  heavy  "rake"  on  each 
of  the  chelicerae.  The  relationships  of  these 
two  groups  are  not  clear. 

Misplaced  and  Doubtful  Species 

Castianeim  arizonica  Gertsch,  1942,  Amer.  Mus. 
Novit.  1195:8,  immature  9,  from  Phoenix,  Ari- 
zona; in  the  American  Museum  of  Natural  His- 
tory, examined  =  Micaria  arizonica   ( Gertsch ) . 

Species  whose  types  were  not  available 
and  whose  descriptions  are  insufficient  for 
recognition: 

Corinna  tricolor  C.  L.  Koch,  1842,  Die  Arachniden 
9:24,  fig.  707,  ?,  from  PennsyWania.  This  spe- 
cies resembles  a  Castiancira  cnicigera  witli  a 
posterior  red  spot. 

Castiancira  zionis  Ghamberlin  and  Woodbury, 
1929,  Proc.  Biol.  Soc.  Washington  42:139,  pi.  2, 
fig.  5  (illustrations  of  plates  1  and  2  reversed), 
$  ,  from  Zion  National  Park,  Utah;  in  the  Uni- 
versity of  Utah  Museum,  lost.  This  species  be- 
longs to  the  longipalpus  group. 

Key  to  the  Males  of  Castianeira 

la.  Embolus  long  and  straight  or  slightly 
curved  (male  genital  index  greater  than 
20);  moderately  large  (carapace  length 
2.60—4.60  mm),  with  carapace  and  ab- 
domen   covered    with    hairs    2 

Embolus  other  than  above;  either  shorter 
(male   genital   index   less   than   20)    or 

not   straight    7 

Abdomen  with  black  horizontal  hair 
bands  and  spots  on  bright  orange  hair 

(Fig.  85)    3 

Abdomen  not  as  above    4 

Thin  legs  (leg  thickness  index  25-27) 
and  long  embolus    (male  genital  index 

25-26)     (north     central    U.S.)    .___ 

-  alteranda,  p.  206 

Stout  legs  (leg  thickness  index  32-35) 
and  moderately  long  embolus  (male 
genital  index  21-24)  (southern  U.S.) 
amoena,  p.  204 

4a.    Abdomen  with  a  median  and  a  posterior 

light  .spot    5 

4b.  Abdomen  not  as  above;  with  white  hori- 
zontal bands  or  white  hairs  on  an  orange 
scleritc     __ 6 

5a.    Embolus  very  long  (male  genital  index 


lb. 


2.11 


2b 
3a, 


3b 
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32-38)   (Fig.  139)   (Mexico)  

azteca   p.    234 

5b.  Embolus  moderately  long  ( male  genital 
index  24)  (Fig.  147)   (El  Salvador)    .._. 

stylifera  p.  233 

6a.  Abdomen  with  about  eight  horizontal 
white  hair  bands  ( Figs.  60,  78 )  ( east- 
ern U.S.)  variata  p. 

6b.  Abdomen  with  an  orange  sclerite  cov- 
ered with  white  hairs  ( Mexico,  Arizona ) 

dorsata  p.  231 

7a.  Anterior  median  eyes  distinctly  larger 
than  anterior  lateral  eyes  (mostly  Neo- 
tropical)            8 

7b.    Anterior     median     eyes     approximately 

equal  to  anterior  lateral  eyes    17 

8a.    Embolus  with  a  low  twist  at  tip   (Fig. 

206)   (El  Salvador)  truncata  p.  237 

8b.    Embolus  not  as  above   9 

9a.    Carapace  wide   (carapace  index  greater 

than    67)     10 

9b.    Carapace  moderately  narrow  ( carapace 

index  less  than  67)    12 

10a.  Large  (carapace  length  2.75-3.25  mm) 
with    a    white    and    black   hair    pattern 

(Fig.  157)    (Costa  Rica,  Panama)   

alba  p.  242 

10b.    Small  (carapace  length  1.10-1.60  mm); 

abdominal  pattern  not  as  above   11 

11a.  Carapace  yellow-brown,  abdomen  with 
a  horizontal  row  of  tliree  spots  at  pos- 
terior end  (  Fig.  269 ) ;  distinctive  geni- 
talia (Fig.  201)   (Panama)  — .  trimac  p.  256 

lib.  Carapace  dark  brown,  abdomen  witli 
three  horizontal  bands  of  white  hairs 
(Fig.  272);  distinctive  genitalia  (Fig. 
199)    (Panama)   dentata  p.  255 

12a.    Embolus  with  a  small  conical  tip  ( Figs. 

171,  177)    13 

12b.    Embolus  not  as  above   14 

13a.  Embolus  distincdy  separated  from  geni- 
tal bulb  neck  (Fig.  176)  (Mexico)  

zernbla  p.  239 

13b.    Embolus  not  as  above  (Fig.  170)  (Me.x- 

ico,  Costa  Rica,  Panama)  dubia  p.  238 

14a.  Genital  bulb  with  a  complex,  low, 
twisted  embolus  (  Fig.  196 )  ( Panama ) 
memnonia  p.  245 

14b.    Genital  bulb  not  as  above    15 

I5a.  Carapace  and  abdomen  elongated  and 
orange  (Fig.  188)  (Costa  Rica,  Mexico) 
._ rica  p. 

15b.    Abdomen  short  and  oval  (Fig.  276)    ..-- 

16a.  Carapace  bicolored  (cephalic  region  yel- 
low, thoracic  region  dark  brown);  geni- 
tal bulb  as  in  Fig.  214  (Panama)    

guapa  p. 

16b.    Carapace    not    bicolored;    genital    bulb 


240 
16 


249 
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17a. 

17b. 
18a. 


with  an  extra  convolution   in  the   main 
palpal  duct  (Fig.  218)    (Cuba,  Florida, 

Texas,  Panama)  cuhana  p.  247 

Reddish  spot  on  posterior   of  abdomen 

(often  extending  anteriorly)     18 

No  reddish  spot  on  abdomen   21 

Embolus  heavy  with  strong  twist  at  tip 
(Fig.  43)  (Florida,  Cuba)    


18b. 
19a. 


floridana^  p. 


201 
19 


208 

90 


Embolus  not  as  above  (Figs.  91,  95,  99) 
Longitudinal  white  hair  band  on  cara- 
pace    (similar    to    Fig.     114)     (south- 
western U.S.)   occidens  p.  211 

19b.    No  white  hair  band  on  carapace    20 

20a.  Reddish  abdominal  spot  extending  an- 
teriorly as  a  pair  of  large  spots  (Wash- 
ton,  Oregon )   walsinghami  p.  213 

20b.  Reddish  abdominal  spot  but  not  as  above 
(eastern  U.S.)  descripta  p. 

21  a.    Embolus  with  a  complex  tenninal  twist  ^ 

21]i.  Embolus  straight  or  with  a  simple  ter- 
minal bend  23 

22a.  Distinctive  pedipalp  (Figs.  102,  103); 
dark  brown-black  carapace,  strongly 
striped  legs,  and  two  horizontal  lines  on 
abdomen   (eastern  U.S.)   ._  cingulata  p.  221 

22b.  Distinctive  pedipalp  (Fig.  110);  orange 
or  brown  carapace,  three  horizontal 
bands  on  abdomen  ( eastern  U.  S. )  ___. 
trilineata  p.  219 

23a.  Abdomen  dark  with  a  pattern  of  black 
and  white  plumose  hairs  (often  in  hori- 
zontal white  stripes    24 

23b.    Abdomen  with  no  such  hairs    30 

24a.  Longitudinal  band  of  white  hairs  at  pos- 
terior end  of  abdomen  (often  extending 
anteriorly)      25 

24b.  Horizontal  band  of  white  hairs  at  poste- 
rior end  of  abdomen  ( longipalpus  group, 
part )     

25a.  Abdominal  pattern  with  a  wide  longi- 
tudinal white  hair  stripe  with  two  black 
spots  along  median  (Fig.  86)  (southern 
U.S.)  crucigera  p. 

25b.    Abdominal  pattern  with  a  series  of  wide 
white  hair  stripes  (eastern  U.  S.) 
vulnerea  p.  216 

26a.  Abdomen  with  separate  white  hair 
bands  (Fig.  50)  (northern  and  eastern 
U.S.)  longipalpus  p.  186 

26b.    Abdomen   not  as   above    27 

27a.  Abdomen  with  two  horizontal  white  hair 
bands  connected  by  a  longitudinal  me- 
dian stripe  (Fig.  76)  (California,  Ore- 
gon)   thalia  p.  192 

27b.    Abdomen  not  as  above    28 


28a.  Abdomen  with  two  anterior  horizontal 
white  hair  stripes  (connected),  then  a 
pair  of  white  hair  spots,  then  a  median 
horizontal  white  hair  band  ( Fig.  55 ) 
(southwestern    U.S.)    luctifera   p.    190 

28b.    Abdomen  not  as  above    29 

29a.  Abdomen  with  the  two  anterior  white 
hair  bands  (connected)  followed  by 
several  other  bands  (Fig.  80)  (Mary- 
land)     data  p.  188 

29b.  Abdomen  with  a  series  of  white  hair 
bands  connected  along  median  line 
(Mexico)  plorans  p.  195 

30a.  Abdomen  yellow  at  anterior  end  darken- 
ing to  dark  brown  at  posterior  end  ( east- 
ern U.S.)  gertschi  p.  217 

30b.    Abdomen  not  as  above    31 

31a.  Carapace  very  wide  (carapace  index 
greater  than  70),  small  (carapace  length 
1.25-1.45  mm);  distinctive  genitalia 
(Fig.  192)   (Panama)  ..^ cincta  p.  253 

31b.    Carapace  narrower  (carapace  index  less 

than    70)     32 

32a.    Embolus   thin  and  straight   (Figs.   132, 

175,  211)    ...._.     33 

32b.    Embolus  not  as  above,  with  a  terminal 

bend  (Figs.  126,  128)    35 

33a.  Abdomen  with  a  distinctive  pigment 
pattern  (Fig.  149)  (southwestern  U.S. 
and  northern  Mexico)  nanella  p.  225 

33b.    Abdomen   not  as  above    34 

34a.  Carapace  bicolored  with  a  dark  brown 
cephalic  region  and  orange-brown  tho- 
racic region   (Arizona)   rothl  p.  229 

34b.    Carapace    not    bicolored     (red-brown) 

(southern  California)     athena  p.  228 

35a.    Embolus  witli  a  right  angle  bend  at  distal 

end  (Fig.  128)  (northern  Mexico)  

dugesii  p.    223 

26  35b.  Embolus  with  a  bend  less  acute  (about 
45°)  (Fig.  126)  (southern  California) 
alfa  p.  226 
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Key  to  the  Females  of  Castianeira 


la. 


lb. 


^  No  male  of  Castianeira  crocata  is  known,  but 
if  found,  it  would  probably  key  out  to  C.  floridana. 


2b. 


3a. 


Abdomen  with  dense  plumose  hair 
(white,  black,  yellow  to  red-orange); 
eyes  approximately  equal;  moderate  to 
large  size  (carapace  length  2.60-4.55 
mm);    carapace    heavily    covered    with 

hairs  2 

Not  as  above;  either  without  plumose 
hairs,  and/or  anterior  median  eyes  larger 

than  laterals,  and/or  very  small    25 

Abdomen  with  a  longitudinal  red-orange 
to  yellow  hair  band  or  posterior  spot  _.._       3 
Abdomen  not  as  above,  with  a  posterior 
white  hair  band  or  stripe  or  orange  and 

black  stripes    12 

Epigynal  openings  very  small  and  medi- 
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ally  directed    (Fig.    136)    (Mexico   and 
southwestern  U.  S. )  dorsata  p.  231 

3b.    Epigynal  openings  not  as  above  4 

4a.  Abdomen  with  a  wide  longitudinal 
orange  to  yellow  abdominal  band  spread- 
ing to  a  wide  posterior  band  ( Figs.  156, 
159);  internal  epigynum  with  bursae 
copulatrices  passing  over  the  anterior 
ends  of  the  spermathecae  ( Figs.  137, 
145)    (Mexico  and  Central  America)   ..       5 

4b.  Not  as  above;  a  posterior  spot  or  longi- 
tudinal band  not  forming  a  horizontal 
posterior  band    6 

5a.  Epigynum  with  small  openings  ( Fig. 
146);  yellow  abdominal  hairs  (El  Sal- 
vador)       stylifera   p.   233 

513.  Epigynum  with  larger  openings  (Fig. 
138 ) ;  orange  abdominal  hairs  (  Mexico ) 
.— azteca  p.  234 

6a.  E.xtemal  epigynal  openings  round,  small, 
and  posteriorly  directed  (Figs.  89,  93, 
97 ) ;  internal  epig>'num  with  wide  sperm- 
athecal  necks  (Figs.  88,  92,  96)  (the 
descripta  group )    7 

6b.  External  epigynal  openings  semicircular, 
moderately  large,  and  posteriorly  di- 
rected (Figs.  29,  37,  41,  44);  internal 
epigynum  with  narrow  spermathecal 
necks  (Figs.  28,  36,  40,  45)  9 

7a.  Longitudinal  white  hair  band  on  cara- 
pace (Fig.  114)  (southwestern  U.S.) 
occidens  p.  211 

7b.    No  discernible  band  on  carapace    8 

8a.  Abdomen  with  red-orange  hairs  extended 
anteriorly  in  two  large  spots  (Fig.  122) 
(Washington,  Oregon)  ..  wohingharni  p.  213 

8b.  Abdomen  with  a  posterior  red-orange 
spot  often  extended  anteriorly  but  not 
as  above  (eastern  U.S.)  (Fig.  121, 
Map  6)  descripta  p.  208 

9a.  Abdomen  with  a  wide  band  of  red- 
orange  hairs  over  a  black  and  white  pat- 
tern (Fig.  75  for  black  and  white  pat- 
tern) (California)  ..  thuUa  (red  form)  p.  192 

9b.    Abdomen  not  as  above    10 

10a.  Abdomen  with  a  red-orange  median  spot 
( somewhat  elongated )  ( Fig.  58 )  (  Flor- 
ida, Cuba)  floridana  p.  201 

101).    Abdomen  with  a  long  red-orange  band 

(Figs.  56,  57)    11 

11a.  Internal  epigynum  with  straight  sperm- 
athecal necks  (Fig.  45)  (southern  U.S.) 

— - crocata  p.  200 

lib.  Internal  epigynum  with  spermathecal 
necks  turned  outward  (Fig.  36)  (Mex- 
ico)    vemista  p.  202 

12a.    Abdomen    with    a    posterior    horizontal 

white  hair  band    13^ 


12b. 

13a. 
13b. 


14a. 
14b. 
15a. 


15b. 
16a. 

16b. 
17a. 


17b. 
18a. 


18b. 
19a. 


19b. 
20a. 


20b. 
21a. 


21b. 


22a. 


14 
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Abdomen  not  as  above;  posterior  longi- 
tudinal white  stripe  or  black  and  orange 

horizontal  stripes  or  spots    22 

Epigynal  openings  directed  either  an- 
teriorly or  laterally  ( Figs.  142,  161 )  . .. 
Epigynal  openings  directed  posteriorly 
( all  species  are  in  the  longipalpus  group 
with  very  similar  epigyna;  the  species 
are  most  easily  separated  by  abdominal 

pattern )   15 

Abdominal  pattern  of  horizontal  white 

hair  bands  (Fig.  152)  (Mexico)  

lucttiosa  p. 

Abdominal  pattern  of  white  hairs  in 
several  divided  bands  (Fig.  158)  (Costa 

Rica,  Panama)  alba  p. 

Abdomen  with  two  horizontal  bands 
connected  by  a  longitudinal  median 
stripe    (Fig.   75)    (California,    Oregon) 

thalia   p. 

Abdomen  not  as  above   16 

Abdomen    with    many    wide    horizontal 

bands  (eastern  U.S.)  variata  p.  197 

Abdomen  not  as  above   17 

Abdomen  with  several  separate  hori- 
zontal bands,  the  two  anterior  bands 
and  a  median  one  dominant  ( Fig.  51 ) 

(eastern  and  northern  U.S.)    

longipalpus  p.  186 

Abdomen  not  as  above 18 

Abdomen  witli  two  anterior  white  hair 
bands  joined  and  followed  by  two  pairs 
of  white  hair  spots  (Fig.  54)  (south- 
western U.  S.)  luctifera  p.  190 

Abdomen  not  as  above   19 

Abdomen  with  several  horizontal  white 
hair  bands,  the  two  anterior  ones  joined, 
then  followed  by  a  series  of  abbreviated 
bands   (similar  to  Fig.  80)    (Maryland) 

aiata  p.   188 

Abdomen  not  as  above 20 

Abdomen  with  three  horizontal  bands, 
two  anterior  and  one  median  ( Fig.  82 ) 

( Mexico  and  southwestern  U.  S. )  

mexicana   p.    195 

Abdomen  not  as  above    21 

Abdomen  with  a  short  longitudinal  white 
hair  band  at  anterior  end  with  a  few 
white  hair  chevrons  along  median  line 

(Fig.  74)    (Mexico)   flehilis  p. 

Abdomen  with  a  series  of  five  or  more 
horizontal   bands    (  Fig.    77 )     (  Mexico ) 

(possibly  plorans')  lachrymosa  p. 

Abdomen  with  orange  and  black  stripes 
or  pairs  of  spots  of  plumose  hairs  ( Figs. 


198 


194 


Also  check  C.  athena 


^  Pattern  on  al)domen  of  Castiuneira  plorans  is 
unclear,  but  it  possibly  keys  out  to  here  or  has 
the  bands  somewhat  connected  along  the  median. 
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83,  84 ) ;  wide  bursae  copulatrices  ( Figs. 
67,   70)    23 

22b.    Abdomen  with  a  longitudinal  white  hair 

band  at  posterior  end  (Figs.  81,  87)  __  .     24 

23a.    Legs  stoek\'  ( leg  thiekness  index  32-33 ) 

(southeastern  U.  S.)  amoena  p.  204 

2.3b.  Legs  thinner  ( leg  thickness  index  24- 
26)  (north  central  U.  S.  and  south  cen- 
tral Canada)  alteranda  p.  206 

24a.  Abdomen  with  a  wide  longitudinal  white 
hair  band  with  two  dark  spots  along  the 
midline  (Fig.  87)  crucigera  p.  214 

24b.    Abdomen   with   a  series   of   white   hair 

bands  (Fig.  81)  vulnerea  p.  216 

25a.    Anterior   median    eyes    distinctly    larger 

than   the  laterals    26 

251).    Anterior  eyes  approximately  equal    34 

26a.  Apex  of  cheUcera  with  a  "rake"  con- 
sisting of  a  heavy  row  of  prongs  or  one 
heavy  claw    27 

26b.    No  "rake"  at  apex  of  chelicera  28 

27a.    Apical  chehceral  "rake"  with  four  heavy 

prongs  (Fig.  273)   (Panama)  

deniata  p.  255 

27b.    Apex  of  chelicera   with  a  single  heavy 

claw  (Fig.  270)  (Panama)  _.__  trimac  p.  256 

28a.  Abdomen  with  a  large  dorsal  sclerite 
(covering  over  half  of  the  abdomen) 
(Fig.  276)    29 

28b.    Abdomen  with  a  smaller  dorsal  sclerite       30 

29a.  Epigynal  openings  directed  posteriorly 
and  laterally  (  Fig.  207 ) ;  cephalic  region 
narrow  (cephahc  width  index  53-58) 
(Texas)  peregrina  p.  251 

29b.  Epig>'nal  openings  directed  posteriorly 
and  medially  (Fig.  216);  cephalic  re- 
gion wide  ( cephalic  width  index  64-73 ) 
(Cuba,  Panama)  cuhana  p.  247 

30a.  Carapace  clearly  bicolored  with  the  ce- 
phahc region  yellow-orange,  thoracic 
region  dark  brown;  carapace  length 
2.2.5-2.40  mm  (Panama)  guapa  p.  249 

30b.    Carapace  not  bicolored  31 

31a.  Very  large  (carapace  length  4.15-5.10 
mm ) ,  with  a  ponerinelike  abdomen  with 
long  simple  hairs  (Figs.  184,  185) 
similis  p.  244 

31b.    Not  as  above;  smaller  (2.15-3.90  mm)         .32 

32a.  Epigynal  openings  a  pair  of  simple  hori- 
zontal shts  (Fig.  195)   (Panama)  

inemnonui  p.  245 

32b.    Epigynal    openings    semicircular    (Figs. 

162,    169)    33 

33a.  Abdomen  with  a  yellow-white  band  or 
spot  at  posterior  end  (Fig.  182)  (Mex- 
ico, Central  America)  .  - __._  dubia  p.  238 

331).  Abdomen  with  no  posterior  light  band 
or  spot  (Fig.  189)  (Costa  Rica,  Mex- 
ico)    rica  p.  240 


34a.  Small  (carapace  length  1.50-1.65  mm) 
with  a  row  of  heavy  serrated  spines  at 
apex  of  chelicera  ( Fig.  267 )  ( Panama ) 
__.. ..._  cincta  p.  253 

34b.    Not  as  above,  larger  with  no  cheliceral 

apical  "rake"    35 

35a.  Epigynal  openings  flared  and  directed 
posteriorly  (Figs.  101,  105,  109,  124, 
130)     36 

35b.    Epigynal    openings     small     and     round 

(Figs.  173,  209,  211)    40 

36a.  Posterior  half  of  abdomen  predominantly 
brown-black  with  a  clear-cut  division 
between  light  and  dark  areas  ( Figs.  150, 
151)    (southwestern  U.S.)   37 

36b.  Not  as  above,  no  clear-cut  dark  posterior 
half,  usually  having  two  or  three  hght 
horizontal  stripes    38 

37a.  Epigynum  and  abdominal  pattern  as  il- 
lustrated (Figs.  129,  130,  150)  (south- 
western U.  S. )  nanelln  p.  225 

37b.  Epig>'num  and  abdominal  pattern  as  il- 
lustrated (Figs.  123,  124,  151)  (south- 
ern California)   alfa  p.  226 

38a.  Fairly  small  (carapace  length  2.35-2.85 
mm)  with  an  abdomen  that  darkens 
posteriorly  from  yellow  at  anterior  end 
to  dark  brown  at  posterior,  often  with 
two  or  three  Ught  horizontal  bands 
(eastern  U.  S.)  gertschi  p.  217 

38b.    Not  as  above,  abdomen  single  ground 

color  39 

39a.  External  epigynum  extremely  flared 
with  a  horizontal  opening  (Fig.  101); 
two  thin  light  horizontal  bands  on  ab- 
domen (Fig.  118);  strongly  striped  legs 
(eastern  U.  S.)   cinguhta  p.  221 

.39b.  External  epigynum  flared  (Fig.  109) 
with  two  or  three  light  horizontal  bands 

on  abdomen  (eastern  U.S.)  

trilineata  p.  219 

40a.  Carapace  covered  with  white  hairs  and 
abdomen  with  a  distinctive  pattern  of 
hairs  ( Fig.  279 ) ;  epigynal  openings  di- 
rected laterally  (Fig.  221)  (Panama) 
abuelito  p.  250 

40b.    Not  as  above,  with  no  heavy  white  hair 

covering     41 

41a.  Carapace  usually  bicolored  (darker  ce- 
phalic region),  and  moderately  small, 
round  epigynal  openings  (Fig.  209) 
(Arizona)  rothi  p.  229 

41b.  Carapace  never  bicolored,  and  very 
small,  round  epigynal  openings  (Fig. 
173)  (southern  California)  ....  athena  p.  228 

The  longipalpvs  Group 

Characteristics.    Moderately  large  (male 
carapace  length  2.50-3.70  mm;  female  cara- 
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pace  length  2.75—4.55  mm),  with  carapace 
index  63-73.  Abdomen  completely  covered 
with  plumose  hairs,  often  in  a  black  and 
white  striped  pattern  but  sometimes  with 
a  red-orange  spot  or  longitudinal  stripe. 
Spermathecae  characterized  by  globose  an- 
terior ends,  thin  posterior  necks,  and  nar- 
row bursae  copulatrices.  Male  genital  index 
18  or  below  (with  the  exception  of  Castian- 
eira  variato ) .  Fairly  stocky,  with  the  leg 
thickness  index  of  the  females  27-33.  Eyes 
moderately  small  and  equal. 

Discussion.  This  is  the  largest  of  the  spe- 
cies groups  in  Castianeira  and  is  distributed 
from  Canada  to  central  Mexico.  Two  sub- 
groups can  be  distinguished:  (1)  C.  longi- 
palpus,  C.  alata,  C.  luctifera,  C.  thalia,  C. 
lachnjmosa,  C.  mcxicaiui,  C.  plorans,  C.  var- 
iata,  and  C.  flebilis,  and  (2)  C.  crocata,  C. 
floridana,  and  C.  venusta.  The  first  group 
has  white  hair  bands  on  the  abdomen  and 
fairly  thin  spermathecal  necks;  the  second 
has  a  red-orange  band  or  spot  on  the  ab- 
domen and  similar  spermathecae. 

Hentz  (1847)  notes  that  the  spots  and 
bands  in  this  species  group  ".  .  .are  pro- 
duced by  hairs  which  are  quite  deciduous, 
and  hence  there  are  many  varieties  of 
markings."  For  this  reason  and  because  of 
the  diagnostic  importance  of  the  patterns 
in  this  group,  many  specimens  are  difficult 
to  identify.  Tlie  banding  on  the  abdomen 
of  spiders  reflects  their  embryonic  segmen- 
tation (Crome,  1955).  The  basic  pattern, 
as  seen  in  Casiianeira  longipalpiis  (Fig. 
51),  consists  of  five  major  horizontal  bands: 
I  and  II  at  the  anterior  end,  followed  by  an 
often  incomplete  band  III  and  a  strong 
median  band  IV,  with  a  final  posterior 
band,  P.  There  are  often  some  minor  bands 
or  pairs  of  spots  between  bands  IV  and  P. 
This  hair  pattern  is  also  observed  in  other 
groups — e.g.  C.  alba  and  C.  dtibia. 

This  group  is  apparently  quite  complex 
and  widespread  in  Mexico,  but  small  col- 
lections and  the  fragility  of  the  abdominal 
patterns  have  prevented  proper  study  of 
the  Mexican  members  of  the  group. 


Castianeira    longipalpus    (Hentz) 

Frontispiece.  Figures  7-10,  50-53.  Map  1. 

Hcrpyllus  longipalpus  Hentz,  1847,  Boston  J.  Nat. 
Hist.  Soc.  5:457,  pi.  24,  fig.  9,  9,  from  Ala- 
bama;  lost. 

Agroeca  tristis  Keyserling,  1887,  Verhandl.  Zool. 
Bot.  Ges.  Wien  37:436,  pi.  6,  fig.  11,  9,  from 
Maryland;  in  the  Museum  of  Comparative  Zoo- 
\ogy,  examined.    NEW  SYNONYMY. 

Geotrccha  pinnaia  Emerton,  1889,  Trans.  Con- 
necticut Acad.  Sci.  8(9)  :170,  fig.  4,  i,  9.  Fe- 
male cotypes  from  Topsfield,  Massachusetts;  in 
the  Museum  of  Comparative  Zoology,  examined. 

Thargali-a  longipalpus:  Marx,  1889,  Proc.  U.  S. 
Nat.  Mus.  12:513. 

Thargalia  pinnata:  Marx,  1889,  Proc.  U.  S.  Nat. 
Mus.   12:514. 

Thargalia  perplexa  Banks,  1892,  Proc.  Acad.  Nat. 
Sci.  Philadelphia  1892:15,  pi.  1,  fig.  53,  9,  from 
Ithaca,  New  York;  in  the  Museum  of  Compar- 
ative Zoolog>',  examined. 

Corinna  media  Banks,  1896,  Trans.  Amer.  Entomol. 
Soc.  23:66,  penultimate  S  ,  from  Olympia, 
Washington;  in  the  Museum  of  Comparative 
Zoology,  examined.    NEW  SYNONYMY. 

Corinna  pacifica  Banks,  1896,  Trans.  Amer. 
Entomol.  Soc.  23:66.  One  male  and  two  female 
syntypes  from  Olympia,  Washington;  in  the 
Museum  of  Comparative  Zoology,  examined. 
NEW  SYNONYMY. 

Casiianeira  longipalpus:  Banks,  1910,  Bull.  U.  S. 
Nat.  Mus.  72:11.  Chickering,  1939,  Pap.  Mich- 
igan Acad.  Sci.  24(2):60,  figs.  24-27,  i,  9. 
Kaston,  1948,  Connecticut  Geol.  and  Nat.  Hist. 
Surv.  Bull.  70:398,  figs.  1403,  1411.  1427,  i,  9. 

MALE 

Measurements.  Based  on  24  males:  cara- 
pace length  2.50-3.50  mm;  carapace  width 
1.75-2.40  mm;  carapace  index  68-73;  ster- 
num length  1.05-1.50  mm;  sternum  width 
0.90-1.20  mm;  sternum  index  77-86. 

Femur  IV  length  1.85-2.65  mm;  femur  IV 
width  0.45-0.75  mm;  leg  thickness  index 
25-29;  leg  length  index  70-78. 

Embolus  length  0.13-0.18  mm;  bulb 
length  1.04-1.50  mm;  male  genital  index 
11-13. 

Description.  Carapace  red-brown,  cov- 
ered with  plumose  white  hairs;  some  black 
and  white  hairs  predominant  in  head  region. 
Carapace  narrow  in  head  region  (cephalic 
width  index  47-49 )  and  smoothly  truncated 
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anteriorly.    Ocular  region  darker.    Thoracic 
grooxe  strong. 

Abdomen  elongated  oval,  with  almost 
complete,  dark  red-browii,  dorsal  sclerite; 
covered  with  dense  black  and  white  plu- 
mose hairs  in  four  main  horizontal  white 
hair  bands  in  same  pattern  as  in  female 
( Fig.  50 ) .  Epigastric  sclerite  orange-brown. 
Elongated  rectangular  ventral  sclerite  from 
epigastric  furrow  almost  to  a  small  infra- 
mammilliary  sclerite,  both  red-brown  and 
covered  with  simple  black  hairs.  Both  pairs 
of  abdominal  setae  very  thin. 

Sternum  dark  red-brown,  shield-shaped, 
with  sparse,  thin  setae,  heavier  setae  near 
edges.   Pedicel  very  short. 

Chelicerae  brown,  with  two  moderate 
retromargin  teeth  and  two  promargin  teeth, 
the  distal  one  large  and  the  proximal  one 
moderate.  A  small  distinct  denticle  just 
distal  and  medial  to  the  larger  promargin 
tooth. 

Coxae  all  light  brown.  Trochanter  IV 
\\  ith  small  notch. 

Femora  of  all  legs  red-brown;  rest  of 
legs  I  and  II  yellow;  of  leg  III  light  red- 
brown;  and  of  leg  IV  dark  red-brown;  both 
ends  of  tibia  IV,  and  tarsus  IV,  lighter. 
Legs  moderately  hirsute,  with  black  and 
white  hair  pattern  on  femora  III  and  IV 
and  narrow  white  hair  bands  at  both  ends 
of  tibia  IV.  Tibia  I  ventral  spination:  2- 
2,  moderate,  proximal  retrolateral  spine 
smaller. 

Pedipalp  with  blunt,  short,  retrolateral 
tibial  apophysis.  Tarsus  with  globose  geni- 
tal bulb  drawn  out  into  long  neck  with 
straight,  stout,  heavily  sclerotized  embolus 
with  distinct  spiral  twist  at  tip  (Figs.  9,  10). 

FEMALE 

Measurements.  Based  on  34  females: 
carapace  length  2.7.5-4.00  mm;  carapace 
width  1.85-2.a5  mm;  carapace  index  66-71; 
sternum  length  1.20-1.75  mm;  sternum 
width  1.05-1.40  mm;  sternum  index  74-89. 

Femur  IV  length  2.L5-.3.10  mm;   femur 


IV  width  0.60-0.85  mm;  leg  thickness  index 
26-30;  leg  length  index  74-81. 

Description.  Carapace  dark  red-bro\vn, 
with  short,  slightly  plumose  black  and 
white  hairs,  white  hairs  predominant  in 
head  region.  Carapace  narrow  in  head 
region  (cephalic  width  index  55-58)  and 
smoothly  truncated  anteriorly  (Fig.  53). 
Ocular  region  darker.  Eyes  moderately 
small  and  equal  ( Fig.  52 ) .  Thoracic  groove 
strong. 

Abdomen  oval,  with  small,  rounded,  red- 
brown,  anterior  dorsal  sclerite;  covered 
with  a  black  and  white  pattern  of  dense 
hairs  on  a  grey  background  in  four  main 
horizontal  white  hair  stripes — two  anterior, 
the  third  midway,  and  the  fourth  at  the 
posterior  end  of  the  abdomen — with  several 
additional  narrower  bands,  one  between  the 
second  and  third  main  bands  and  two  be- 
tween the  third  and  posterior  bands  (Fig. 
51).  Epigastric  sclerite  red-brown.  Four 
light,  thin,  beaded  stripes  running  from  epi- 
gastric furrow  to  posterior  spiracular  furrow, 
the  median  two  parallel  and  arising  pos- 
terior to  epigynal  openings  and  laterals 
from  sides  of  epigastric  furrow.  Both  pairs 
of  abdominal  setae  very  thin. 

Sternum  red-brown,  shield-shaped,  with 
sparse,  thin  setae.   Pedicel  very  short. 

Chelicerae  brown,  with  two  moderate 
retromargin  teeth  and  two  promargin  teeth, 
the  distal  one  larger  and  the  proximal 
smaller  than  the  retromargin  teeth.  A  small, 
distinct  denticle  just  distal  and  medial  to 
the  larger  promargin  tooth. 

Coxae  all  light  brown.  Trochanter  IV 
with  a  small  notch. 

Femora  of  all  legs  red-brown;  rest  of  legs 
I  and  II  yellow;  of  leg  III  light  red-brown; 
and  of  leg  I\^  dark  red-brown;  both  ends  of 
tibia  IV,  and  tarsus  IV,  lighter.  Legs  mod- 
erately hirsute,  with  black  and  white  hairs 
on  femora  III  and  IV  and  white  hair  bands 
at  both  ends  of  tibia  IV.  Tibia  I  ventral 
spination:  2-2,  moderate,  proximal  retro- 
lateral spine  smaller. 

External  epigynum  with  heavily  sclero- 
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tized  borders  to  the  flared  openings   (Fig.  cocoon  construction  in  detail.    The  female 

8 ) .    Internal  structure  heavily  sclerotized,  first  spins  a  cocoon  base,  sweeping  her  spin- 

with  large  bulbed  spennathecae  narro\\ing  nerets  slowK'  from  side  to  side.    Onto  this 

posteriori}'  to  a  fairly  long,  narrow,  straight  base  she  discharges  from  her  genital  aper- 

neck  (Fig.  7).  ture  a  clean  globule  of  viscous  liquid,  and 

Diagnosis.  Castianeira  longipalpiis  differs  in  this  liquid  discharges  several  large  eggs, 

from  other  species  in  the  longipalpus  group  The   cover   is   produced   first   by   carrying 

in  its  distinctive  abdominal  pattern   (Figs,  thread  from  the  edge  of  the  base  onto  and 

50,  51),  short,  thick  embolus  (Fig.  10),  and  across   the   egg   mass   and   then,   after  ten 

small   epigynal    openings    (Fig.    8).     Cas-  minutes,  brushing  the  spinnerets  over  the 

tianeira  hictifera  and  C.  thalia  both  have  a  surface.   The  surface  is  covered  with  small 

male  genital  index  of  less  than  14,  but  their  debris,  probably  due  to  its  initially  slightly 

abdominal  patterns  are  distinct  from  those  sticky  surface  or  some   salivary   secretion, 

of  C.  longipalpus.  An  identical  cocoon-making  operation  \\'as 

Remarks.    Castianeira  longipalpus  is  tlie  observed,  by  the  author,  in  Mazax  pax  in 

most    widespread    of    the    American    Cas-  Costa    Rica.    Montgomery    (1909)    reports 

tianeira.  There  is  a  fairly  large  variation  in  fi\'e  cocoons  of  C.  longipalpus  found,  two 

size,  with  the  northern  specimens  ( Ontario )  with  eight   eggs   in   them   and   three  with 

generally  smaller  than  the  southern  speci-  nine, 

mens  (New  York,  Kentucky,  Illinois).  C.   longipalpus  is  found  mature  in  late 

Natural  history.    Castianeira  longipalpus  summer   in   New   England    (see    Remarks 

has  been  found  inhabiting  the  leaves  on  the  under  C.  variata).   In  western  Tennessee  it 

floor  of  beech-maple  forest  in  Virginia  ( El-  hatches  in  the  last  half  of  August  and  ma- 

liot,  1930 ) ,  under  dead  leaves  in  dry  places  tures  the  next  year  in  late  June   ( Gibson, 

on    Long    Island    (Banks,    1895),    on    the  1947). 

ground,  under  stones  in  the  prairie  of  Okla-  Montgomery  ( 1909 )  observes  the  resem- 

homa   (Banks,  Newport,  and  Bird,   1932),  blance  of  this  species  to  "the  macroergates 

and   abundantly   in   shaded  places   in   the  of    a   large    mound-building   ant,"    finding 

woods     of     Massachusetts     (Montgomery,  some  of  the  spiders  most  abundant  within 

1909 ) .     Small,    immature   specimens    were  twenty  feet  of  one  such  nest.  He  has  shown 

found   on    herbs   but    larger   ones    on    the  that  the  ants  are  not  deceived  by  the  spi- 

ground  in  the  East  Central  Illinois  forest  ders,  killing  them  when  placed  with  them. 

(Jones,  1941).   It  is  also  found  in  the  black  Hentz  (1847)  merely  states  that  they  move 

oak  and  beech-maple  forests  of  the  Chicago  with  the  "rapidity  of  lightning." 

area  dunes  (Lowrie,  1948).  Distribution.    Eastern  and  northern  U.S. 


Reproduction  probably  occurs   in  early     and  southern  Canada  ( Map  1 ) . 
summer  (Jones,  1941).  Montgomery  (1909) 
observed  copulation  in  C.  longipalpus.  The 


Castianeira  alafa  Muma 


male  mounts  the  female  over  her  head.  "In  Figures  15-18,  80.  Map  1. 

copulation  the  male  stands  over  the  female,  CasHuneira  data  Muma,   1945,   Proc.   BioL   Soc. 

his  ventral  surface  opposed  to  her  dorsal,  Washington  58:97,  pi.  10,  figs.  11-13    $,9. 

.1     •    1  „  1                  11.         1      •      1-      J    1  •    1       J  Male  holotvpe  from  Berwyn,   Maryland;  in  the 

their  body  axes  obliquelv  mclmed,  his  head  .        .       >',             f  m  .      i  tt -^     .               a 

■'                 1        r    'i                                1      r  American  Museum  of  Natural  Historv,  exammeci. 

a  little  to  one  side  of  the  anterior  end  of 

her  abdomen.    One  palpus  is  inserted  at  a  MALE 

time."   The  male  mates  several  times,  and  Measurements.    Based  on  holot>pe  and 

the  female  accepts  more  than  one  mate.  one   male,   holotype   listed   first,   range   of 

The  egg   case   or   cocoon   is   \\'hite   and  both   follows:     carapace   length   2.60  mm, 

disclike.   Montgomery  (1909)  describes  the  2.60-2.80   mm;    carapace   width   1.85   mm, 
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MAP    I 
o  Castianeira  longipalpus 
•  C.    luctifera 
A   C.    alata 


1.8.5-2.05  mm;  carapace  index  70,  70-72. 
Based  on  holotype  only:  sternum  length 
1.30  mm;  sternum  width  0.95  mm;  sternum 
index  75. 

Femur  I\'  length  2.10  mm,  2.10-2.15  mm; 
femur  I\'  width  0.55  mm,  0.55-0.60  mm; 
leg  thickness  index  26,  26-28;  leg  length 
index  80,  77-80. 

Abdomen  length  2.85  mm,  2.8.5-2.90  mm; 
abdomen  width  1..55  mm,  1.25-1.55  mm; 
abdomen  index  54,  4.3-54. 

Based  on  one  male,  not  the  holot>'pe: 
embolus  length  0.19  mm;  bulb  length  1.17 
mm;  male  genital  index  16. 

Description.  Carapace  red-brown,  with 
white  hairs.  Eyes  small  and  about  equal. 
Carapace  narrower  in  head  region  (ce- 
phalic width  index  48-51)  and  smoothK- 
truncated  anteriorly.  Thoracic  groove  fairly 
strong. 

Abdomen  elongated  oval,  with  an  almost 


full,  red-brown  dorsal  sclerite  and  a  white 
hair  pattern — two  wide  horizontal  bands 
(widening  medially  and  connecting  along 
median),  a  small  horizontal  spot,  a  hori- 
zontal chevronlike  band,  followed  bv  at 
least  two  narrower  bands  and  a  posterior 
band  (Fig.  80).  Epigastric  sclerite  red- 
browTi.  Red-brown  ventral  sclerite  rec- 
tangular from  epigastric  furrow  to  spi- 
racular  furrow.  Anterior  pair  of  abdominal 
setae  hairlike,  posterior  pair  thin. 

Sternum  red-brown.    Pedicel  negligible. 

Chelicerae  red-brown,  with  two  mod- 
erate retromargin  teeth  and  two  promargin 
teeth,  the  distal  one  larger  and  the  proximal 
one  smaller  than  the  retromargin  teeth;  a 
small  denticle  just  distal  and  median  to 
the  distal  promargin  tooth. 

Coxa  I  orange-brown,  coxae  II,  III,  and 
IV  light  yellow-brown.  Trochanter  IV  notch 
moderately  deep. 
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Femora  red -brown  (yellow  at  distal 
ends).  Rest  of  legs  I  and  II  light  yellow; 
rest  of  leg  III  yellow,  but  tibia  darker  in 
center  and  light  at  ends;  rest  of  leg  IV  red- 
brown,  wdth  ends  of  tibia  and  the  tarsus 
dark  yellow.  Legs  moderately  hirsute.  Tibia 
I  ventral  spination:  2-2,  moderately  small. 

Pedipalp  with  a  strong,  blunt  tibial  apo- 
physis. Tarsus  with  a  globose  genital  bulb 
drawn  out  into  a  long  neck  with  a  straiglit, 
thick  embolus  having  a  twist  at  its  tip 
(Figs.  17,  18). 

FEMALE 

Measiiremenis.  Based  on  one  female: 
carapace  length  3.45  mm;  carapace  width 
2.25  mm;  carapace  index  6.5;  sternum  length 
1.55  mm;  sternum  width  1.20  mm;  sternum 
index  79. 

Femur  IV  length  2.60  mm;  femur  IV 
width  0.70  mm;  leg  thickness  index  27;  leg 
length  index  76. 

Abdomen  length  4.60  mm;  abdomen 
width  2.65  mm;  abdomen  index  58;  dorsal 
sclerite  width  1.00  mm. 

Description.  Carapace  red-brown,  with 
white  hairs.  Eyes  small  and  alx)ut  equal. 
Carapace  narrower  in  head  region  ( cephalic 
width  index  56)  and  smoothly  truncated 
anteriorly.    Thoracic  groove   fairly   strong. 

Abdomen  elongate  oval,  with  a  small, 
red-brown  dorsal  sclerite  and  a  white  and 
brown-black  hair  pattern — two  wide  hori- 
zontal white  bands  (connected  along  me- 
dian), a  small  median  white  spot,  five 
white  chevrons  decreasing  in  size  pos- 
teriorly, and  a  wide  posterior  band  of 
white  hairs  (a  total  of  9  bands — easily 
rubbed  off).  The  two  wide  white  hair 
bands  continue  onto  sides  of  abdomen. 
Ventral  area  with  two  longitudinal  beaded 
stripes  from  sides  of  epigastric  furrow 
to  spiracular  furrow\  Epigastric  sclerite 
orange-brown.  Anterior  pair  of  abdominal 
setae  hairlike,  posterior  pair  very  thin. 

Sternum  orange-brown,  with  thin,  sparse 
setae.   Pedicel  very-  small. 

Chelicerae    red-brown,    with    two    mod- 


erate retromargin  teeth  and  two  promargin 
teeth,  the  distal  one  larger  and  the  proximal 
one  smaller  than  the  retromargin  teeth;  a 
small  denticle  just  distal  and  median  to  the 
distal  promargin  tooth. 

Coxa  I  light  red-browTi,  coxae  II,  III, 
and  IV  light  yellow-brown.  Trochanter  IV 
notch  moderately  deep. 

Femora  red-brown  (yellow  at  distal 
ends).  Rest  of  legs  I  and  II  Hght  yellow; 
rest  of  leg  III  yellow-brown;  rest  of  leg  IV 
red-brown,  with  both  ends  of  tibia  yellow 
(reinforced  with  white  hairs)  and  tarsus 
yellow-brown.  Legs  moderately  hirsute. 
Tibia  I  ventral  spination:  2-2,  moderately 
small. 

External  epigynum  with  flared  openings 
having  sclerotized  edges  ( Fig.  16).  Internal 
structure  with  extremely  globose  sperma- 
thecae  narrowing  to  thin  necks  posteriorly 
(Fig.  15). 

Diagnosis.  Castiancira  alata  differs  from 
other  species  in  the  longipalpiis  group  in 
its  distinctiv^e  abdominal  pattern  and  male 
genitalia  (the  embolus  fairly  thick,  with 
male  genital  index  16). 

Remarks.  This  species,  one  of  the  large 
longipalpiis  group,  is  found  only  in  Mary- 
land, the  most  restricted  distribution  of 
any  Casiianeira  in  the  United  States. 

Natural  hisionj.  "Two  specimens  were 
found  in  a  house;  two  under  leaves  on  the 
ground"  (Muma,  1945). 

Distribution.  Maryland  (Map  1). 

Records.     'Maryland.     Montgomery    Co. 

Casiianeira  luctifera  Petrunkevitch 
Figures  1 1-14,  54,  55.    Map  1. 

Thargalia  luciuosa  Banks,  1901,  Proc.  U.  S.  Nat. 
Mus.  23:584,  pi.  22,  fig.  1,  9,  from  Santa  Rita 
Mountains,  Arizona:  in  the  United  States  Na- 
tional Museum,  examined.  (Preoccupied  by 
Casiianeira  luctuosa  O.  P.-Cambridge,  1898.) 

Ca-stianeira  luciuosa:  Banks,  1910,  Bull.  U.  S.  Nat. 
Mus.  72:11. 

Casiianeira  hiciifera  Petrunkevitch,  1911,  Bull. 
Anier.  Mus.  Nat.  Hist.  29:454  (nomen  novum 
for  T.  luctuosa  Banks,  1901). 
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MALE 

Measurements.  Based  on  10  males:  cara- 
pace length  2.55-2.95  mm;  carapace  width 
1.75-2.05  mm;  carapace  index  68-71;  ster- 
num length  1.10-1.30  mm;  stenium  width 
0.95-1.10  mm;  sternum  index  81-92. 

Femur  IV  length  1.85-2.30  mm;  femur 
I\'  width  0.55-0.65  mm;  leg  thickness  index 
27-30;  leg  length  index  71-80. 

Embolus  length  0.11-0.16  mm;  bulb 
length  0.96-1.25  mm;  male  genital  index 
11-14. 

Description.  Carapace  red-brown,  with 
sparse  light  hairs  in  a  median  band,  espe- 
cially long  hairs  in  cephalic  region  and  on 
lateral  edges,  with  some  black  hairs  on 
sides  of  carapace.  Head  narrow  (cephalic 
width  index  48-52)  and  smoothly  truncated 
anteriorly.  Ocular  area  darker.  Eyes  mod- 
erately small  and  equal.  Thoracic  groove 
strong. 

Abdomen  long  oval,  with  a  full,  dark 
maroon  dorsal  sclerite  covered  with  black 
and  white  plumose  hairs — anteriorly  two 
broad  white  horizontal  bands  joining  medi- 
ally, followed  by  a  pair  of  round  white  hair 
spots  and  then,  midway  on  abdomen,  a 
band  of  white  hair;  broad  white  hair  band 
at  posterior  end  of  abdomen  (Fig.  55). 
Epigastric  sclerite  red-brown.  Rectangular 
red-brown  ventral  sclerite  from  epigastric 
furrow  to  a  small  red-brown  inframammil- 
liary  sclerite.  Anterior  abdominal  setae 
ver\'  thin,  posterior  pair  slightly  stouter. 

Sternum  shield-shaped,  red-browai,  with 
sparse,  short,  stout  setae.   Pedicel  short. 

Chelicerae  brown,  with  two  moderate 
retromargin  teeth  and  two  promargin  teeth, 
the  distal  one  larger  and  the  proximal  one 
smaller  than  the  retromargin  teeth.  A  small 
denticle  just  medial  and  distal  to  the  larger 
promargin  tooth. 

Coxae  all  yellow.  Trochanter  IV  notch 
small  and  curved. 

Femora  of  legs  I  and  II  dark  yellow,  rest 
of  I  and  II  yellow.  Femur  III  yellow- 
brown,  with  black  and  A\'hite  hairs,  rest  of 
III  yellow-brown,  with  yellow  tarsi;  femur 


IV  deep  red-brown,  with  black  and  white 
hairs;  patella  IV  dark  red-browoi;  tibia  IV 
dark  red-brown,  with  light  annuli  reinforced 
with  white  hairs  at  both  ends;  metatarsus 
ly  red-brown;  tarsus  IV  dark  yellow.  Legs 
moderately  hirsute.  Tibia  I  ventral  spina- 
tion:    2-2,  moderately  small. 

Pedipalp  with  blunt,  short  tibial  apo- 
physis. Tarsus  with  globose  genital  bulb 
drawn  out  into  a  long  neck,  with  a  straight, 
stout,  heavily  sclerotized  embolus  having  a 
distinct  spiral  twist  at  the  tip  (Figs.  13,  14). 

FEMALE 

Measurements.  Based  on  holot>pe  and 
19  females,  holotype  listed  first,  range  of  all 
follows:  carapace  length  3.40  mm,  2.75- 
3.65  mm;  carapace  width  2.25  mm,  1.85- 
2.40  mm;  carapace  index  66,  6.3-70;  sternum 
length  1.60  mm,  1.25-1.65  mm;  sternum 
width  1.30  mm,  1.05-1.30  mm;  sternum 
index  82,  77-84. 

Femur  IV  length  2.50  mm,  1.95-2.60  mm; 
femur  IV  width  0.75  mm,  0.60-0.80  mm; 
leg  thickness  index  30,  28-32;  leg  length 
index  73,  70-77. 

Based  on  holotype  alone:  abdomen 
length  4.30  mm;  abdomen  width  2.65  mm; 
abdomen  index  61;  dorsal  sclerite  length 
0.95  mm;  dorsal  sclerite  width  1.20  mm; 
dorsal  sclerite  index  126. 

Description.  Carapace  red-brown,  with 
sparse  light  hairs  in  broad  median  band, 
especially  long  hairs  on  head  region,  and 
with  some  black  hairs  on  sides  of  lateral 
edges.  Head  narrow  (cephalic  width  index 
53-58)  and  smoothly  truncated  anteriorly. 
Ocular  area  darker.  Eyes  moderately  small 
and  equal.   Thoracic  groove  strong. 

Abdomen  oval,  with  a  small,  red-brown 
anterior  dorsal  sclerite.  Black  and  white 
plumose  hair  pattern — anteriorly  two  broad 
white  horizontal  bands  joining  medially, 
followed  by  a  pair  of  round  white  hair  spots 
and  then,  midway  on  abdomen,  a  pair  of 
o\al  white  hair  spots;  broad  white  hair 
band  at  posterior  end  of  abdomen  (Fig. 
54).    Epigastric  sclerite   red-brown.    Four 
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light  pigmented,  thin,  beaded  stripes  run- 
ning from  epigastric  furrow  to  a  small 
orange-brown  inframammilliar\'  sclerite,  the 
median  two  parallel  and  intermittently 
arising  posterior  to  epigynal  openings,  and 
the  laterals  parallel  and  cleanly  arising 
from  sides  of  epigastric  furrow.  Abdominal 
setae  very  thin. 

Sternum  shield-shaped  and  red-brown, 
with  sparse,  long  setae.   Pedicel  short. 

Chelicerae  red-brown,  with  two  moderate 
retromargin  teeth,  the  distal  one  slightly 
larger,  and  two  promargin  teeth,  the  distal 
one  larger  and  the  proximal  one  much 
smaller  than  the  retromargin  teeth.  A  small 
but  distinct  denticle  just  medial  and  distal 
to  the  larger  promargin  tooth. 

Coxae  all  yellow.  Trochanter  IV  with 
small  curved  notch. 

Femora  I  and  II  dark  yellow,  rest  of  I 
and  II  yellow.  Femora  III  and  IV  yellow- 
brown,  much  darker  towards  distal  end, 
with  some  black  and  white  hairs;  rest  of  III 
yellow-brown;  patella  IV  dark  red-brown; 
tibia  I\'  dark  brown,  with  light  annuli  re- 
inforced with  white  hairs  at  both  ends; 
metatarsus  IV  dark  red-bro\\Ti;  tarsus  IV 
yellow-brown.  Legs  moderately  hirsute. 
Tibia  I  ventral  spination:  2—2,  moderately 
strong. 

External  epigynum  \\ith  dark  circular 
openings  (Fig.  12).  Internal  structure 
heavily  sclerotized,  with  large,  bulbed 
spennathecae  narrowing  posteriorly  to  a 
fairly  short,  narrow  neck  (Fig.  11). 

Diagnosis.  Castiancira  luctifcra  differs 
from  other  longipalpus  group  species  in 
its  distinctive  abdominal  pattern  (Figs.  54, 
55)  and  external  female  genitalia  (Fig.  12). 

Remarks.  Tliis  species  shows  relatively 
little  sexual  dimorphism  except  in  the  ab- 
dominal pattern.  The  abdominal  pattern  is 
a  very  constant  character  within  the  range 
of  each  sex  of  the  species. 

Natural  history.  Castianeira  luctifcra  is 
found  running  over  and  under  dead  leaves 
in  the  oak  forest  of  the  Chiricahua  Moun- 


tains. Tlie  motions  are  fast  and  not  notice- 
ably ant-like. 

The  egg  case  is  white  and  disc-shaped, 
with  orange  eggs.  One  case  collected  con- 
tained 14  eggs. 

Distribution.  Southern  Arizona,  New 
Mexico,  and  California  (Map  1). 

Records.  Arizona.  Cochise  Co.,  Pima  Co., 
Santa  Cruz  Co.  California.  San  Diego  Co. 
New  Mexico.   Catron  Co.,  Otero  Co. 

Casfianeira  thalia  new  species 

Figures  28-31,  75,  76.    Map  2. 

Holotype.  Female  from  Pacific  Grove, 
Monterey  Co.,  California,  3-IV-1960  (W. 
J.  Gertsch,  Ivie,  Schrammel);  in  the  Amer- 
ican Museum  of  Natural  Histor\'.  The 
specific  name  is  a  noun  in  apposition  after 
the  Muse  of  Comedy,  Thalia. 

MALE 

Measurements.  Based  on  4  males:  cara- 
pace length  2.65—2.85  mm;  carapace  width 
1.85-2.00  mm;  carapace  index  68-70;  ster- 
num length  1.20-1.30  mm;  sternum  width 
1.00-1.10  mm;  sternum  index  81-86. 

Femur  IV  length  1.9.5-2.20  mm;  femur 
IV  width  0.5.5-0.60  mm;  leg  thickness  index 
24-29;  leg  length  index  72-78. 

Abdomen  length  2.6.5-2.80  mm;  abdomen 
width  1.50-1.80  mm;  abdomen  index  57-66. 

Embolus  length  0.13-0.14  mm;  bulb 
length  1.12—1.20  mm;  male  genital  index 
11-12. 

Description.  Carapace  orange,  with  some 
short,  light  hairs.  Eyes  bordered  with  black. 
Carapace  narrow  in  head  region  (cephalic 
width  index  48-49)  and  smoothly  truncated 
anteriorly.    Thoracic  groove  fairly  strong. 

Abdomen  a  long  oval  with  a  seven- 
eighths  complete  maroon  dorsal  sclerite 
with  a  plumose  white  hair  pattern  (some- 
what rubbed  off)  of  a  median  and  two  an- 
terior horizontal  bands,  all  connected  by  a 
median  longitudinal  band,  followed  by  three 
flattened  chevrons  and,  finally,  a  posterior, 
wide,  horizontal  band  ( Fig.  76 ) .  Epigastric 
sclerite  dark  red-brown.  Wide,  rectangular, 
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light  red-brown  \entral  sclerite  from  epi- 
gastric furrow  almost  to  dark  red-brown 
inframammilliary  sclerite.  Anterior  abdom- 
inal setae  long  and  ver\-  thin,  posterior  pair 
long  and  a  bit  thicker. 

Sternum  red-brown  with  sparse  setae. 
Pedicel  negligible. 

Chelicerae  orange-brown  with  two  mod- 
erate retromargin  teeth  and  two  promargin 
teeth,  the  distal  one  larger  and  the  proximal 
one  smaller  than  the  retromargin  teeth.  A 
small  denticle  distal  and  medial  to  the 
larger  promargin  tooth. 

Coxae  all  yellow.  Trochanter  IV  notch 
moderate. 

Femora  I,  II  and  III  yellow,  IV  dark  yel- 
low; rest  of  legs  I  and  II  light  yellow; 
patella-tibia  III  light  yellow,  metatarsus 
and  tarsus  III  light  yellow-brown;  rest  of 
leg  IV  light  red-brown.  Legs  moderately 
hirsute.  Tibia  I  ventral  spination:  2-2, 
moderately  small. 

Pedipalp  with  small  blunt  tibial  apo- 
physis. Tarsus  with  globose  genital  bulb 
dra\Mi  out  into  a  long  neck  with  short, 
straight,  blunt  embolus  tip  with  a  clear 
twist  (Figs.  30,  31). 

FEMALE 

Measurements.  Based  on  holotype  and  6 
females,  holotype  listed  first,  range  of  all 
follows:  carapace  length  2.95  mm,  2.90- 
3.40  mm;  carapace  width  1.90  mm,  1.85- 
2.20  mm;  carapace  index  65,  65-69;  sternum 
length  1.30  mm,  1.30-1.50  mm;  sternum 
width  1.10  mm,  1.10-1.20  mm;  sternum 
index  87,  83-88. 

Femur  IV  length  2.15  mm,  2.10-2.55  mm; 
femur  IV  width  0.60  mm,  0.60-0.75  mm;  leg 
thickness  index  28,  2^31;  leg  length  index 
74,  72-76. 

Abdomen  length  2.S0  mm,  2.80-4.15  mm; 
abdomen  width  1.80  mm,  1.80-2.80  mm; 
abdomen  index  64,  58-69. 

Description.  Carapace  yellow-brown  with 
median  longitudinal  light  hair  band,  longer 
hairs  on  head  region.  Eyes  bordered  with 
black.     Carapace   narrow    in    head    region 


(cephalic  width  index  54-58)  and  smoothly 
truncated  anteriorly.  Thoracic  groove  fairly 
strong. 

Abdomen  is  oval  with  a  small,  red-brown 
dorsal  sclerite  and  a  distinctive  plumose 
black  and  white  hair  pattern — anterior 
white  hair  spot  followed  by  a  horizontal 
white  hair  band  (one  fourth  distance  from 
anterior  end)  and  another  median  hori- 
zontal stripe.  These  three  areas  connected 
by  a  median,  longitudinal  white  hair  band. 
The  median  horizontal  stripe  is  followed  by 
three  median,  flat  chevrons  and  finally  a 
wide,  posterior,  white  hair  band  ( Fig.  75 ) . 
Rest  of  dorsal  abdomen  covered  by  black 
hairs.  Epigastric  sclerite  red-brown.  Ven- 
tral area  with  four  faint,  longitudinal, 
beaded  stripes  from  epigastric  furrow  to 
small  orange-brown  inframammilliary  scle- 
rite. Anterior  pair  of  abdominal  setae  hair- 
like, posterior  pair  very  thin. 

Sternum  light  red-brown  with  sparse, 
thin  setae.    Pedicel  negligible. 

Chelicerae  light  brown  with  two  moder- 
ate retromargin  teeth  and  two  promargin 
teeth,  the  distal  one  larger  and  the  proximal 
one  smaller  than  the  retromargin  teeth.  A 
small  denticle  distal  and  medial  to  the  larger 
promargin  tooth. 

Coxae  all  yellow-white.  Trochanter  IV 
notch  moderately  deep. 

Femora  of  all  legs  very  light  brown  \\  ith 
dark  hairs,  especially  dense  on  femur  IV. 
Rest  of  legs  I  and  II  yellow-white,  of  leg 
III  very  light  brown,  of  leg  IV  light  brown 
with  light  yellow  tarsus.  Legs  moderately 
hirsute.  Tibia  I  ventral  spination:  2-2,  small. 

External  epigynum  with  two  large,  flared 
openings  ( Fig.  29 ) .  Internal  structure  with 
globose  spermathecae  narrowing  to  moder- 
ately thin,  distinct  necks  posteriorlv  (Fig. 
28). 

Diagnosis.  Castianeira  thalia  differs  from 
other  longipalpus  group  species  in  its  dis- 
tinctive abdominal  pattern. 

Remarks.  A  single  specimen  of  C.  thaVia 
from  a  population  in  Piercy,  California,  has 
a  wide  band  of  red-orange  hairs  o\erl\ing 
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the  fundamental  black  and  \\hite  hair  pat- 
tern. Except  for  this  character,  the  spider 
is  t\'pical  of  C.  ihalia.  This  may  be  an 
example  of  an  aberrant  color  form,  or  per- 
haps it  is  part  of  a  polymorphic  complex 
like  the  one  reported  in  Enoplognatha 
ovata  (—  Thcridion  ovaium)  (Geyer,  1967). 

Natural  Jiistonj.  Little  is  known  of  the 
habits  of  C.  thalia,  but  one  specimen  re- 
portedly was  collected  under  a  rock.  Prob- 
ably, like  most  longipalpus  group  species,  it 
prefers  running  over  dead  leaves  in  shade. 

Distribution.  California  and  Oregon 
(Map  2). 

Records.  California.  Los  Angeles  Co., 
Mendocino  Co.,  Monterey  Co.,  San  Diego 
Co.   Oregon,   ^^'allowa  Co. 

Casiianeira  lachrymosa   (O.   P. -Cambridge) 
Figures  34,  35,  77.    Map  3. 

Pedo  lachrymosa  O.  P. -Cambridge,  1898,  Biol. 
Centrali- Americana  Arachnida  1:275,  pi.  34,  fig. 
4,  5 ,  from  Amula,  Guerrero,  Mexico;  in  the 
British   Museum    (Natural    History),    examined. 

Casiianeira  lachrymosa:  O.  P. -Cambridge,  1898, 
Biol.  Centrali-Americana  Arachnida  1:286. 

Casiianeira  lugens  O.  P. -Cambridge,  1898,  Biol. 
Centrali-Americana  Arachnida  1:288,  pi.  32, 
fig.  10,  "  $  ."  Penultimate  female  holotype  from 
Amula,  Guerrero,  Mexico;  in  the  British  Museum 
(Natural  History),  examined.  NEW  SYNOxX- 
YMY. 

FEMALE 

Measurements.  Based  on  one  female 
holotype:  carapace  length  3.40  mm;  cara- 
pace width  2.30  mm;  carapace  index  69; 
sternum  length  1.50  mm;  sternum  \\'idth 
1.25  mm;  sternum  index  83. 

Femur  IV  length  2.60  mm;  femur  IV 
width  0.80  mm;  leg  thickness  index  31; 
leg  length  index  77. 

Abdomen  length  3.95  mm;  abdomen 
width  2.65  mm;  abdomen  index  68;  dorsal 
sclerite  width  0.95  mm. 

Description.  Carapace  brown-maroon  and 
covered  with  white  hairs.  Carapace  moder- 
ately narrow  in  head  region  (cephalic  width 
index  61)  and  smoothly  truncated  anteri- 
orly.   Eyes  bordered  in  black  and  approxi- 


mately equal.  Thoracic  groove  moderately 
strong. 

Abdomen  oval  with  a  small,  red-brown 
dorsal  sclerite  and  a  dorsal  browTi  and 
white  hair  pattern — a  series  of  about  six 
horizontal  median  white  stripes  ending  in 
a  posterior  white  hair  band  (Fig.  77). 
( Many  hairs  rubbed  off. )  Ventral  abdomen 
light  brown.  Anterior  abdominal  setae  hair- 
like, posterior  pair  extremely  thin. 

Sternum  red-brown  with  fairly  dense, 
moderately  short  setae.    Pedicel  negligible. 

Chelicerae  dark  red-brown  with  two 
moderate  retromargin  teeth  and  two  pro- 
margin  teeth,  the  distal  one  slightly  larger 
and  the  proximal  one  slightly  smaller  than 
the  retromargin  teeth. 

Coxae  all  red-brown.  Trochanter  IV 
notch  fairly  strong. 

Femora  deep  maroon-brown;  rest  of  legs 
I  and  II  yellow-brown;  rest  of  leg  III  red- 
brown  with  distal  ends  of  patella  and  tibia 
as  well  as  whole  tarsus  yellow-brown;  rest 
of  leg  IV  dark  red-brown  with  ends  of  tibia 
and  the  tarsi  yellow-brown.  Femora  with 
some  black  and  white  hairs,  legs  moderately 
hirsute. 

External  epigynum  \\'ith  small,  widely 
spaced  openings,  heavily  sclerotized  (Fig. 
35).  Internal  structure  with  extremely 
globose  spermathecae  having  posterior  thin 
necks  (Fig.  34). 

Diagnosis.  Castianeira  lachrymosa,  a 
Mexican  species,  differs  from  other  longi- 
palpus group  species  in  its  abdominal  pat- 
tern and  internal  female  genitalia. 

Remarks.  Castianeira  lugens  is  an  imma- 
ture female  and  is  therefore  difficult  to 
compare  with  mature  forms,  but  its  simi- 
larity in  non-genitalic  characteristics  to  C. 
lachrymosa,  in  addition  to  its  sympatry, 
have  led  to  its  synonymy. 

Natural  history.  Nothing  is  known  of  the 
habits  or  habitat  of  this  species. 

Distribution.  Only  known  from  its  t>'pe 
locality  in  Guerrero,  Mexico  ( Map  3 ) . 

Records.    MEXICO.    Guerrero. 
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Casfianeira  mexicana  (Banks) 
Figures  32,  33,  82.    Map  3. 

Thargalia  mexicana  Banks,  1898,  Proc.  California 
Acad.  Sci.  (3)1(7)  :228,  pi.  13,  fig.  38,  5,  from 
Tepic,  \ayarit,  Mexico;  destroyed. 

Tluirgalia  gracilis  Banks,  1898,  Proc.  California 
Acad.  Sci.  (3)1(7)  :229,  pi.  13,  fig.  29,  9, 
from  "no  locality,"  presumably  in  Mexico; 
destroyed.     NEW   SYNONYMY. 

Casfianeira  mexicana:  F.  P.-Cambridge,  1899, 
Biol.  Centrali-Amcricana  Arachnida  2:82. 

Thargalia  modesta  Banks,  1901,  Proc.  Acad.  Nat. 
Sci.  Philadelphia  53:575,  pi.  23,  fig.  5,  9, 
from  Albuquerque,  New  Mexico;  in  the  Museum 
of  Comparative  Zoology^  examined.  NEW 
SYNONYMY. 

FExMALE 

Measurements.  Based  on  one  female: 
carapace  length  2.85  mm;  carapace  width 
1.95  mm;  carapace  index  68;  stemmn  length 
1.30  mm;  sternum  width  1.10  mm;  sternum 
inde.x  83. 

Femur  IV  length  2.15  mm;  femur  IV 
\\'idth  0.60  mm;  leg  thickness  index  27; 
leg  length  index  76. 

Abdomen  length  2.80  mm;  abdomen 
width  1.85  mm;  abdomen  index  67;  dorsal 
sclerite  width  0.85  mm. 

Desciiption.  Carapace  yellow-orange  with 
light,  short  hair  covering.  Eyes  small, 
ec^ual,  and  bordered  with  black.  Carapace 
narrow  in  head  region  (cephalic  width  index 
58)  and  smoothly  tnmcated  anteriorly. 
Thoracic  groove  moderately  strong. 

Abdomen  oval  with  a  fairly  small,  orange, 
anterior  dorsal  sclerite  and  a  white  and 
brown-black  hair  pattern — a  horizontal 
white  hair  band  at  anterior  base,  a  spot  on 
each  side  behind  this  band,  a  narrow  hori- 
zontal white  band  at  middle,  and  a  white 
band  at  posterior  end  (Fig.  82).  Epigastric 
sclerite  light  bro\\ii.  \'entral  abdomen  with 
two  parallel  stripes  from  sides  of  epigastric 
furrow  almost  to  spinnerets.  Anterior  ab- 
dominal setae  hairlike,  posterior  pair  very 
thin. 

Sternum  yellow-white  with  sparse,  thin 
setae. 

Chehcerae    yellow    with    t^vo    moderate 


retromargin  teeth  and  t^vo  promargin  teeth, 
the  distal  larger  and  the  proximal  one 
smaller  than  the  promargin  teeth.  A  very 
small  denticle  just  medial  and  distal  to  the 
larger  promargin  tooth. 

Coxae  yellow-white.  Trochanter  IV  notch 
moderate. 

Femora  light  yellow.  Rest  of  legs  I  and 
II  yellow-white;  rest  of  leg  III  light  yellow; 
rest  of  leg  IV  orange  with  both  ends  of 
tibia  and  the  tarsus  lighter.  Legs  fairly 
heavily  hirsute.  Tibia  I  ventral  spination: 
2-2,  moderately  strong. 

External  epigynum  with  flared,  heavily 
sclerotized  openings  (Fig.  33).  Internal 
structure  with  globose  spemiathecae  having 
thin  posterior  necks  ( Fig.  32 ) . 

Disinhution.  Southwestern  U.  S.  and 
Mexico  ( Map  3 ) . 

Records.   New  Mexico.    Bernalillo  Co. 

MEXICO.   Noyarif. 

Casfianeira    plorans    (O.    P.-Cambridge) 
Figures  24-27,  79.    Map  3. 

Pedo  plorans  O. P.-Cambridge,  1898,  Biol.  Ccntrali- 
Americana  Arachnida  1:274-275,  pi.  33,  figs. 
10,  11,  S,  9.  Male  holot>'pe  from  Amula, 
Guerrero,  Mexico;  in  the  British  Museum  (Nat- 
ural History),   examined. 

Castianeira  plorans:  F.  P.-Cambridge,  1899,  Biol. 
Centrali-Americana  Arachnida  2:81. 

MALE 

Measurements.  Based  on  one  male  holo- 
type:  carapace  length  2.90  mm;  carapace 
width  1.95  mm;  carapace  index  67;  sternum 
length  1.25  mm;  sternum  width  1.05  mm; 
sternum  index  80. 

Femur  IV  length  2.20  mm;  femur  IV 
width  0.70  mm;  leg  thickness  index  30;  leg 
length  index  77. 

Abdomen  length  2.95  mm;  abdomen 
width  1.50  mm;  abdomen  index  51. 

Embolus  length  0.15  mm;  bulb  length 
1.19  mm;  male  genital  index  12. 

Description.  Carapace  deep  red-brown 
with  some  white  hairs.  Head  narrow 
(cephalic  width  index  52)  and  smoothly 
tnmcated  anteriorly.  Eyes  moderately  small. 
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equal,  and  bordered  in  black.  Thoracic 
groove  moderately  strong. 

Abdomen  a  long  oval  with  an  almost 
full  red-bro^vn  dorsal  sclerite  with  white 
hairs  in  no  discernible  pattern,  but  more 
at  anterior  end.  Epigastric  and  rectangular 
Neutral  sclerites  red-bro\\'n  with  some  dark 
hairs.  A  very  small  inframammilliar\- 
sclerite.  First  pair  of  abdominal  setae  hair- 
like, second  pair  thin. 

Stemimi  reddish  orange-browm  with  very 
sparse  setae  and  some  low  white  hairs. 

Chelicerae  red-brown,  with  two  moder- 
ate retromargin  teeth  and  two  promargin 
teeth,  the  distal  one  larger  and  the  proximal 
one  much  smaller  than  the  retromargin 
teeth;  with  a  very  small  denticle  just  medial 
and  distal  to  the  larger  promargin  tooth 
(Fig.  79). 

Coxae  all  orange-brown.  Trochanter  IV 
notch  moderately  deep. 

Femora  all  deep  red-brown;  rest  of  legs 
I  and  II  deep  yellow;  rest  of  legs  III  and 
IV  red-brown,  with  both  ends  of  tibia  IV 
lighter.  Legs  fairly  heavily  hirsute.  Tibia 
I  ventral  spination:    2-2,  very  small. 

Pedipalp  with  moderately  small,  blunt 
tibial  apophysis.  Tarsus  with  globose 
genital  bulb  drawn  out  into  a  long  neck 
with  a  stout  embolus  with  a  spiral  twist 
(Figs.  26,  27). 

FEMALE 

Measurements.  Based  on  one  female 
(paratv'pe):  carapace  length  3.20  mm; 
carapace  width  2.05  mm;  carapace  index  63; 
sternum  length  1.35  mm;  sternum  width 
1.20  mm;  sternum  index  88. 

Femur  IV  length  2.40  mm;  femur  lY 
width  0.75  mm;  leg  thickness  index  31; 
leg  length  index  75. 

Abdomen  length  4.40  mm;  abdomen 
Avidth  3.10  mm;  abdomen  index  71;  dorsal 
sclerite  length  0.40  mm;  dorsal  sclerite 
width  0.80  mm;  dorsal  sclerite  index  192. 

Description.  Carapace  deep  red-brown 
with  some  white  hairs.  Head  narrow 
(cephalic  width  index  60)    and   smoothly 


truncated  anteriorly.  Eyes  moderately  small, 
equal,  and  bordered  in  black.  Thoracic 
groove  moderately  strong. 

Abdomen  a  wide  oval  with  a  very  small, 
anterior,  red-brown  dorsal  sclerite.  A  series 
of  faint  horizontal  white  hair  bands  on 
browTiish  abdomen.  Epigastric  sclerite  red- 
brown.  A  \ery  small  inframammilliary  red- 
brown  sclerite.  Ventrum  with  two  lines  of 
light  beaded  stripes  from  both  ends  of 
epigastric  furrow  towards  the  spinnerets. 
First  pair  of  abdominal  setae  ver>'  thin, 
second  pair  thin. 

Sternum  red-brown  witli  sparse,  thin 
setae. 

Chelicerae  red-brown  with  two  moderate 
retromargin  teeth  and  two  promargin  teeth, 
the  distal  one  larger  and  the  proximal  one 
much  smaller  than  the  retromargin  teeth; 
with  a  ver\^  small  denticle  just  medial  and 
distal  to  the  larger  promargin  tooth. 

Coxae  orange-brown.  Trochanter  IV 
notch   moderately   deep. 

Femora  deep  red-bro^\^l;  rest  of  legs  I 
and  II  yellow-orange;  rest  of  III  red-browai; 
rest  of  IV  deep  red-brown.  Legs  fairly 
heavily  hirsute  with  some  white  hairs. 
Tibia  I  ventral  spination:  2-2,  moderately 
small. 

External  epigynum  with  flared  semi- 
circular heavily  sclerotized  openings  (Fig. 
24).  Internal  structure  with  globose  sper- 
mathecae  having  moderately  thick  posterior 
necks  (Fig.  25). 

Diagnosis.  Castianeira  plorans  differs 
from  most  of  the  other  longipalpus  group 
species  in  its  series  of  abdominal  stripes; 
it  differs  from  C.  lachrijmosa  in  its  thicker, 
straighter  spermathecal  necks,  and  from  C. 
variata  in  its  short,  stocky  embolus. 

Remarks.  This  species  is  one  of  many  of 
the  longipalpus  group  found  in  Mexico  and 
may  be  representati\  e  of  the  whole  Mexican 
fauna.  O.  P.-Cambridge  (1899)  notes  that 
the  males  of  C.  plorans  alone  occur  among 
the  numerous  females  of  C.  venusta,  C. 
plorans,  and  C.  lachrijmosa  and  that  all 
these    species    may    be    varieties    of    one. 
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Castianeira  venusta.  The  genital  differences 
seem  to  preclude  such  a  vast  lumping  of 
species,  but  further  collections  and  studies 
are  needed. 

Natural  history.  Nothing  is  known  of  the 
habits  or  habitat  of  this  species. 

Distribution.  Known  only  from  the  type 
locality  in  Guerrero,  Mexico   (Map  3). 

Records.    MEXICO.    Guerrero. 

Castianeira  variata  Gertsch 

Figures  19-23,  60,  61,  78.   Map  2. 

Castianeira  variata  Gertsch,  1942,  Amer.  Mus. 
\ovit.  No.  1195:6,  fig.  21,  S,  ?.  Male  holotype 
from  Cold  Spring  Harbor,  Long  Island,  New 
York;  in  the  American  Museum  of  Natural 
History,   examined. 

MALE 

Measurements.  Based  on  holotype  and 
9  males,  holotype  listed  first,  range  of  all 
follows:  carapace  length  3.10  mm,  2.90- 
3.50  mm;  carapace  width  2.00  mm,  1.95- 
2.20  mm;  carapace  index  65,  63-67;  sternum 
length  1.40  mm,  1.30-1.60  mm;  sternum 
width  1.05  mm,  1.00-1.10  mm;  sternum 
index  77,  68-78. 

Femur  IV  length  2.40  mm,  2.15-2.60  mm; 
femm-  IV  width  0.65  mm,  0.60^0.70  mm; 
leg  thickness  index  27,  27-28;  leg  length 
index  77,  72-79. 

Abdomen  length  3.30  mm,  3.10-3.75  mm; 
abdomen  width  1.65  mm,  1.50-1.70  mm; 
abdomen  index  50,  44-54. 

Embolus  length  0.34  mm,  0.31-0.36  mm; 
bulb  length  1.28  mm,  1.20-1.32  mm;  male 
genital  index  27,  25-27. 

Description.  Carapace  dark  red-brown 
with  white  hairs.  Eyes  about  equal  and 
small.  Carapace  narrower  in  head  region 
( cephalic  width  index  50--57 )  and  smoothly 
truncated  anteriorly.  Thoracic  groove  fairly 
strong. 

Abdomen  a  long  oval  with  a  full,  ma- 
roonish  red-brown  dorsal  sclerite  and  about 
eight  horizontal  bands  of  white  hairs  (many 
rubbed  off)  (Figs.  60,  78).  Epigastric 
sclerite  red-brown.  Red-brown  ventral 
sclerite  rectangular  from  epigastric  furrow 
to    a    small    red-brown    inframammilliary 


sclerite.  Anterior  pair  of  abdominal  setae 
hairlike,  posterior  pair  very  thin. 

Sternum  red-brown  with  moderately  thin, 
moderately  long  setae  and  short  fine  setae. 
Pedicel  very  short. 

Chelicerae  dark  red-brown  with  two 
moderate  retromargin  teeth  and  two  pro- 
margin  teeth,  the  distal  one  larger  and  the 
proximal  one  smaller  than  the  retromargin 
teeth;  a  small  denticle  just  distal  and  median 
to  the  distal  promargin  tooth. 

Coxa  I  orange-brown,  coxae  II,  III,  and 
IV  yellow-brown.  Trochanter  IV  notch 
moderately  deep. 

Femora  all  red-brown  (light  yellow  at 
distal  ends);  rest  of  legs  I  and  II  yellow- 
white;  rest  of  leg  III  yellow  and  rest  of  leg 
IV  red-brown,  with  both  ends  of  tibia 
yellow  and  a  yellow  tarsus.  Legs  moder- 
ately hirsute  with  some  white  hairs  on 
femora.  Tibia  I  ventral  spination:  2-2, 
moderately  small,  proximal  retrolateral 
spine  smaller,  sometimes  absent. 

Pedipalp  with  a  small,  blunt  tibial  apoph- 
ysis. Tarsus  with  a  globose  genital  bulb 
dra\\ai  out  into  a  long  neck  with  a  long, 
straight,  moderately  heavy  embolus  widen- 
ing slightly  at  the  end  with  a  terminal  twist 
(Figs.  22,  23). 

FEMALE 

Measurements.  Based  on  10  females: 
carapace  length  3.10-4.55  mm;  carapace 
width  2.00-2.85  mm;  carapace  index  63- 
67;  sternum  length  1.40-2.20  mm;  sternum 
width  1.10-1.50  mm;  sternum  index  67-84. 

Femur  IV  length  2.35-3.45  mm;  femur 
IV  width  0.65-1.00  mm;  leg  thickness  index 
27-29;  leg  length  index  72-79. 

Abdomen  length  4.00-6.40  mm;  abdomen 
width  2.40-3.80  mm;  abdomen  index  54- 
67;  dorsal  sclerite  width  0.90-1.30  mm. 

Description.  Carapace  dark  red-brown 
with  white  hairs,  longer  on  head  region. 
Eyes  about  equal  and  small.  Carapace  nar- 
rower in  head  region  ( cephalic  width  index 
55-63)  and  smoothly  truncated  anteriorly. 
Thoracic  groove  fairly  strong. 
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Abdomen  oval  \\'ith  a  small,  dark  red 
dorsal  sclerite  and  black  and  white  hair 
bands  ( most  rubbed  off )  in  nine  horizontal 
white  hair  bands,  with  the  last  a  wider 
posterior  band  (Fig.  61).  Ventral  area  with 
two  longitudinal  beaded  stripes  from  sides 
of  epigastric  furrow  to  a  small  red-brown 
inframammilliary  sclerite.  Epigastric  scle- 
rite red-brown.  Anterior  pair  of  abdominal 
setae  hairlike,  posterior  pair  very  thin. 

Sternum  red-brown  with  sparse,  thin 
setae.  Pedicel  negligible. 

Chelicerae  dark  red-brown  with  two 
moderate  retromargin  teeth  and  two  pro- 
margin  teeth,  the  distal  one  larger  and  the 
proximal  one  smaller  than  the  retromargin 
teeth;  a  small  denticle  just  distal  and 
median  to  the  distal  promargin  tooth. 

Coxa  I  brown,  coxa  II  moderate  yellow- 
ish brown,  coxae  III  and  IV  light  yellow- 
brown.  Trochanter  IV  notch  moderately 
deep. 

Femora  all  dark  red-brown  ( light  yellow 
at  distal  ends);  rest  of  legs  I  and  II  light 
yellow;  rest  of  III  light  yellow-brown;  rest 
of  leg  IV  red-brown  with  yellow  annuli  at 
both  ends  of  tibia  (reinforced  with  white 
hair)  and  light  red-brown  at  center  of  the 
metatarsus.  Legs  moderately  hirsute.  Tibia 
I  ventral  spination:  2-2,  moderately  small, 
proximal  retrolateral  spine  smaller. 

External  epigynum  with  a  pair  of  low, 
fairly  wide  openings  (Fig.  20).  Internal 
stiiicture  with  very  wide  bursae  copulatrices 
to  rounded  spennathecae  narrowing  pos- 
teriorly into  necks  (Figs.  19,  21). 

Diagnosis.  The  long  embolus  of  the  male 
and  the  wide  epigynal  openings  and  very 
wide  bursae  copulatrices  of  the  female 
distinguish  Castiancira  variata  from  all 
other  longipalpus  group  species. 

Remarks.  C.  variata  closely  resembles 
C.  longipalpus  in  non-genitalic  characters. 
The  extreme  differences  in  genitalia  may 
be  the  result  of  competitive  pressures 
arising  from  their  close  relationship  and 
sympatric  distribution.  This  "character  dis- 
placement" may  have  resulted,  also,  in  the 


temporal  separation  of  the  two  species  ( see 
Natural  history,  below). 

There  is  a  great  deal  of  variation  in  the 
extent  of  the  abdominal  white  hair  bands 
in  the  males,  as  illustrated  in  Figures  60 
and  78. 

Natural  history.  Castianeira  variata  is 
found  in  drier  types  of  woodland  and  open 
areas  (Fitch,  1963).  It  runs  rapidly  and 
jerkily  and  in  momentary  pauses;  it  has 
"the  peculiar  habit  of  pmnping  the  ab- 
domen up  and  down  with  a  rhythmic, 
swaying  motion"  (Fitch,  1963),  which  is 
also  obsei^ved  in  Castianeira  alba. 

Mature  forms  have  only  been  found  in 
early  summer  in  New  England  and  are  there- 
fore temporally  separated  from  Castianeira 
longipalpus,  a  closely  related  species,  which 
matures  in  late  summer  and  early  fall. 

Distribution.  New  England  to  Kansas 
and  Louisiana  (Map  2). 

Castianeira  flebilis  O.  P. -Cambridge 
Figures  38,  39,  74.    Map  3. 

Castianeira  flehili.^  O.  P.-Cambridge,  1898,  Biol. 
Centrali-Aniericana  Arachnida  1:286,  pi.  32, 
fig.  8,  9 ,  from  Amula,  Guerrero,  Mexico;  in 
the  British  Museum  (Natural  History),  ex- 
amined. 

FEMALE 

Measurements.  Based  on  one  female 
holotype:  carapace  length  3.55  mm;  cara- 
pace width  2.30  mm;  carapace  index  65; 
sternum  length  1.60  mm;  sternum  width 
1.30  mm;  sternum  index  84. 

Femur  IV  length  2.75  mm;  femur  IV 
width  0.85  mm;  leg  thickness  index  31;  leg 
length  index  77. 

Abdomen  length  3.55  mm;  abdomen 
width  2.10  mm;  abdomen  index  59;  dorsal 
sclerite  width  1.10  mm. 

Description.  Carapace  orange-brown, 
covered  with  short,  black  hairs  with  some 
white  hairs  posterior  to  the  thoracic  groove. 
Carapace  moderately  narrow  in  head  region 
(cephalic  width  index  63)  and  smoothly 
but    distinctly    truncated   anteriorly.    Eyes 
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MAP    2 
■   Castianeira  tlialia 
•   C.    variata 
^   C.    crocata 


bordered  in  black.   Thoracic  groove  moder- 
ate. 

Abdomen  oval,  with  small,  light  red- 
brown  dorsal  sclerite  and  dorsal  black  and 
white  hair  pattern — median  white  hair  band 
from  anterior  end,  one-quarter  way  pos- 
teriorly; then  from  midpoint  posteriorly, 
three  horizontal  chevrons  and  a  posterior 
white  hair  band  (Fig.  74).  White  hair  spot 
on  each  side  of  abdomen.  Ventrum  light 
yellow  with  no  markings.  Abdominal  setae 
very  thin,  anterior  pair  thinner. 

Sternum  red-brown  with  long  setae,  es- 
pecially at  edges.   Pedicel  very  short. 

Chelicerae  light  brown,  with  t\\'o  moder- 
ate retromargin  teeth  and  two  promargin 
teeth;  the  distal  larger  and  the  proximal 
much  smaller  than  the  retromargin  teeth, 
with  a  small  denticle  just  distal  to  the  larger 
promargin  tooth. 


Coxae  all  light  brown.  Trochanter  IV 
notch  moderate. 

Femora  medium  brown;  rest  of  legs  I  and 
II  light  yellow;  rest  of  leg  III  dark  yellow; 
rest  of  leg  IV  yellow-brown,  with  ends  of 
tibia  and  the  tarsus  slightly  lighter.  Legs 
moderately  hirsute  with  some  black  and 
white  hairs  on  the  femora. 

External  epigynum  with  heavily  scle- 
rotized,  flared  openings  ( Fig.  39 ) .  Internal 
stmctiire  of  basic  inverted  pear-shape  with 
thick  necks  (Fig.  38). 

Diagnosis.  Castianeira  fJchilis  differs 
from  other  members  of  the  longipalpus 
group  species  in  its  abdominal  pattern  and 
extremely  thick  spennathecal  necks. 

Remarks.  Part  of  the  Mexican  fauna,  C. 
f  I  chilis  is  very  different  from  other  species 
collected  in  Amula. 

Natural  history.  Nothing  is  known  of  the 
habits  and  habitat  of  this  species. 
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Distribution.   Only  knowTi  from  the  t>'pe 
locality  in  Guerrero,  Mexico  ( Map  3 ) . 
Records.   MEXICO.    Guerrero. 

Casfianeira  crocafa  (Hentz) 

Frontispiece.    Figures  44,  45,  56.   Map  2. 

Herpyllus  crocatus  Hentz,  1847,  Boston  J.  Nat. 
Hist.  Soc.  5:457,  pi.  24,  fig.  8,  $,  from  Ala- 
bama; lost. 

Liocramim  crocatus:  Marx,  1883,  Araneina,  in 
Howard,  L.  O.,  A  List  of  the  Invertebrate 
Fauna  of  South  Carolina,   Charleston,   p.   23. 

Thargalia  crocata:  Marx,  1889,  Proc.  U.  S.  Nat. 
Mus.   12:513. 

Castianeira  crocata:  Banks,  1910,  Bull.  U.  S.  Nat. 
Mus.  72:11. 

FEMALE 

Measurements.  Based  on  11  females: 
carapace  length  3.30-4.55  mm;  carapace 
width  2.15-3.15  mm;  carapace  index  61- 
70;  sternum  length  1.50-1.95  mm;  sternum 
width  1.20-1.60  mm;  sternum  index  79-85. 

Femur  IV  length  2.50-3.40  mm;  femur  IV 
width  0.7.5-1.05  mm;  leg  thicbiess  index 
29-31;  leg  length  index  7.3-78. 

Abdomen  length  3.30-5.90  mm;  abdomen 
width  1.95-4.50  mm;  abdomen  index  52- 
82;  dorsal  sclerite  width  0.8.5-1.30  mm. 

Description.  Carapace  dark  maroon  with 
short  whitish  hair.  Carapace  narro\\'  in 
head  region  (cephaHc  width  index  52-60) 
and  smoothly  truncated  anteriorly.  Eyes 
fairly  small  and  equal.  Thoracic  groove 
moderately  strong. 

Abdomen  oval  with  a  small,  anterior, 
maroon  dorsal  sclerite  and  a  pattern  of  red- 
orange  and  black  plumose  hairs — a  wide 
median  stripe  of  bright  red-orange  from 
just  posterior  to  the  sclerite  to  just  anterior 
of  the  spinnerets  ( Fig.  56),  rest  of  abdomen 
covered  with  black  hairs.  Epigastric  sclerite 
red-brown.  Ventrum  with  two  faint,  light, 
longitudinal  stripes  from  epigastric  furrow 
to  near  the  spinnerets.  Small  red-brown 
inframammilliary  sclerite.  First  pair  of  ab- 
dominal setae  hairlike,  second  pair  thin. 

Sternum  red-bro\\ai  with  long,  thin  setae. 
Short  pedicel. 

Chelicerae  red-browii  with  two  moderate 


retromargin  teeth  and  two  promargin  teeth, 
the  distal  one  larger  and  the  proximal  one 
smaller  than  the  retromargin  teeth;  a  very 
small  denticle  just  medial  and  distal  to  the 
larger  retromargin  tooth. 

Coxae  all  orange-brown.  Trochanter  IV 
notch  moderate. 

Femora  all  dark  reddish  brown.  Rest  of 
legs  I  and  II  yellow-brown;  the  patella  and 
proximal  ends  of  the  tibia  darker;  rest  of 
III  and  IV  red-brown  with  dark  yellow 
tarsi.  Tibia  I  ventral  spination:  2-2, 
moderate. 

External  genitalia  with  a  pair  of  oval 
openings  (Fig.  44).  Internal  structure  with 
extremely  globose  spermathecae  having 
narrow,  posterior  necks  (Fig.  45). 

Diuanosis.  Castianeira  crocata  differs 
from  other  longipalpus  group  species  in  its 
long,  abdominal,  red-orange  stripe  and 
globose  anterior  spermathecae  with  very 
distinct  thin  necks.  C.  floridana  has  a 
smaller  abdominal  spot  and  less  of  a  distinc- 
tion between  globe  and  neck  in  the  sperma- 
thecae. C.  venu.sta  has  a  longer  stripe  and 
an  outward  turn  of  the  spermathecal  necks. 
C.  crocata  differs  from  the  descripta  group 
in  its  female  genitalia  (Figs.  44,  45). 

Remarks.  Castianeira  crocata  has  often 
been  synonymized  with  C.  descripta,  whose 
striking  abdominal  pattern  is  superificially 
similar.  Banks  ( 1916 )  clearly  saw  the  dis- 
tinction when  he  recognized  "the  true 
crocata"  as  a  southern  form  and  the  north- 
em  '^crocata"  as  C.  descripta.  The  female 
genital  structure  distinctly  separates  the 
two  species. 

No  males  are  definitely  associated  with 
this  species,  but  the  male  of  C.  floridana  is 
probably  ver>'  close  to  the  hypothetical  C. 
crocata  male. 

Natural  history,  ^^'hile  this  species  is 
foimd  predominantly  in  southern  U.  S.,  it 
broadly  overlaps  C.  descripta,  \\-ith  which 
it  is  often  confused,  and  it  is  possible  that 
references  to  "C.  descripta"  in  Oklahoma 
and  possibly  Nebraska  refer  to  this  species 
(see    Natural    history,    under    Castianeira 
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dcscripta).  Hentz  (1847)  notes,  "This 
species  inhabits  houses,  hiding  in  cracks, 
under  boards,  etc."  This  is  possibly  a 
mutilHd  wasp  mimic. 

Distribution.     Southern    New    Jersey    to 
Missouri  and  south  to  Texas  (Map  2). 

Castianeira  floridana  (Banks) 
Figures  40-43,  58,  59.   Map  3. 

Tharpolin  floridana  Banks,  1904,  Proc.  Acad.  Nat. 

Sci.  Philadelphia  56:124,  pi.  7,  fig.  11,  imm.   9. 

Penultimate  female  holotv^je  from  Punta  Gorda, 

Florida;  in  the  Musemn  of  Comparative  Zoology, 

examined. 
Castianeira   floridana:     Banks,    1910,    Bull.    U.    S. 

Nat.  Mus.   72:11. 
Castianeira  cubana  Bryant,  1940,  Bull.  Mus.  Comp. 

Zool.  86(7) :446,  pi.  17,  figs.  228,  232,    S,    9. 

Male    holotype    from    Soledad,    Cuba;     in    the 

Museum    of    Comparative    Zoology,    examined. 

NEW  SYNONYMY. 

MALE 

Measurements.  Based  on  5  males:  cara- 
pace length  2.60-3.15  mm;  carapace  width 
1.80-2.15  mm;  carapace  index  68-70: 
sternum  length  1.20-1.45  mm;  sternum 
width  1.05-1.10  mm;  sternum  index  77-87. 

Femur  IV  length  1.95-2.30  mm;  femur  IV 
width  0.60-0.75  mm;  leg  thickness  index 
30-33;  leg  length  index  73-77. 

Abdomen  length  2.6.5-3.65  mm;  abdomen 
width  1.50-1.80  mm;  abdomen  index  49-60. 

Embolus  length  0.15-0.16  mm;  bulb 
length  0.91-1.19  mm;  male  genital  index 
1.3-18. 

Description.  Carapace  deep  red-brown, 
almost  maroon,  covered  with  short  white 
hairs,  longer  hairs  on  cephalic  region.  Head 
narrow  (cephalic  width  index  48-52)  and 
smoothly  truncated  anteriorly.  Eyes  mod- 
erately small,  equal,  and  bordered  in  black. 
Thoracic  groove  moderately  strong. 

Abdomen  elongated  oval  with  a  full, 
dark  red-brown  dorsal  sclerite,  lighter  spot 
with  bright  orange  hair  at  posterior  end, 
and  covered  with  black  and  white  hairs — 
white  hairs  in  two  wide  horizontal  bands, 
followed  by  a  thinner  horizontal  band  at 
the  midhne,  followed  by  two  more,  thinner, 


bands  ( Fig.  59 ) .  Epigastric  and  almost  full 
ventral  sclerites  dark  red-brown.  Small 
brown  inframammilliary  sclerite.  First  pair 
of  abdominal  setae  thin  and  long,  second 
pair  moderate. 

Sternum  shield-shaped  with  sparse,  fairly 
short,  thin  setae.    Pedicel  short. 

Chelicerae  red-brown,  wdth  two  moder- 
ate retromargin  teeth  and  two  promargin 
teeth,  the  distal  one  larger  and  the  proximal 
one  much  smaller  than  the  retromargin 
teeth;  with  a  very  small  denticle  just  medial 
and  distal  to  large  promargin  tooth. 

Coxae  all  deep  orange-brown.  Trochanter 
IV  notch  moderately  small. 

Femora  all  red-brown.  Rest  of  legs  I  and 
II  deep  yellow-brown;  rest  of  legs  III  and 
IV  red-browTi,  with  tarsi  of  all  legs  yellow- 
brown.  Legs  moderately  heavily  hirsute. 
Tibia  I  ventral  spination:  2-2,  moderately 
small. 

Pedipalp  with  a  blunt,  short  tibial 
apophysis.  Tarsus  with  a  globose  genital 
bulb  drawn  out  into  a  long  neck  with  a 
straight,  fairly  stout,  heavily  sclerotized 
embolus  having  a  distinct  spiral  twist  at  the 
tip  (Figs.  42,  43). 

FEMALE 

Measurements.  Based  on  6  females: 
carapace  length  3.15-3.60  mm;  carapace 
width  2.10-2.50  mm;  carapace  index  63- 
70;  sternum  length  1.50-1.70  mm;  sternum 
width  1.10-1.30  mm;  sternum  index  75-81. 

Femur  IV  length  2.30-2.80  mm;  femur  IV 
width  0.70-0.85  mm;  leg  thickness  index 
29-33;  leg  length  index  70-78. 

Abdomen  length  3.50-4.65  mm;  abdomen 
width  2.05-3.20  mm;  abdomen  index  57- 
69;  dorsal  sclerite  length  0.60^0.85  mm; 
dorsal  sclerite  width  0.8.5-1.20  mm;  dorsal 
sclerite  index   1.30-180. 

Description.  Carapace  deep  red-brown 
with  sparse,  short,  white  hairs.  Head  nar- 
row (cephaHc  width  index  5.5-62)  and 
smoothly  truncated  anteriorly.  Eyes  quite 
small,  equal,  and  bordered  in  black. 
Thoracic   groove   moderately   strong. 
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Abdomen  a  wide  oval  with  a  small,  dark 
red-brown  anterior  dorsal  sclerite.  Covered 
with  brownish  hairs  with  a  large  bright 
median  spot  (both  orange  hairs  and  light 
pigmentation)  just  posterior  to  the  midline 
(Fig.  58).  Epigastric  sclerite  orange- 
brown.  Four  light  pigmented,  thin,  beaded 
stripes  running  from  epigastric  furrow  to 
area  just  anterior  to  the  spinnerets,  the  two 
lateral  stripes  clearer  than  the  median  pair. 
First  pair  of  abdominal  setae  very  thin, 
second  pair  slightly  thicker. 

Sternum  shield-shaped  and  red-brown 
with  sparse,  thin   setae.    Pedicel  short. 

Chelicerae  red-brown  with  two  moderate 
retromargin  teeth  and  two  promargin  teeth, 
the  distal  one  larger  and  the  proximal  one 
much  smaller  than  the  retromargin  teeth; 
with  a  very  small  denticle  just  medial  and 
distal  to  large  promargin  tooth. 

Coxae  all  deep  yellowish  brown.  Tro- 
chanter  IV  notch  moderate. 

Femora  all  red-brown  (hind  pair  darker). 
Rest  of  legs  I  and  II  light  yellow-orange; 
rest  of  leg  III  yellow-brown  and  of  leg  IV 
red-brown,  with  both  tarsi  yellow-orange. 
Legs  moderately  hirsute.  Tibia  I  ventral 
spination:   2-2,  moderately  small. 

External  epigynum  with  heavily  scle- 
rotized  semicircular  openings  (Fig.  41). 
Internal  structure  heavily  sclerotized,  with 
a  rounded  bulb  drawn  posteriorly  into  a 
long  thin  neck  ( Fig.  40 ) . 

Dia<i,nosis.  C.  fJoridona  differs  from  other 
longipalpus  group  species  having  red-orange 
hair  on  the  abdomen  by  the  restriction  of 
this  hair  to  a  median  spot  in  the  female  and 
a  distinct  black,  white,  and  red  hair  pattern 
in  the  male.  The  female  epigynum  is  also 
distinct  from  that  of  C.  crocofo. 

Remark'^.  This  species  is  allopatric  with 
C  crocota,  to  which  it  is  closely  related. 
The  distinct  genitalic  and  pattern  differ- 
ences, however,  probably  justify  its  specific 
rank.  The  Cuban  form  has  a  slightly  longer 
embolus  (male  genital  index  18)  than  the 
Floridian  form  (male  genital  index  13-14) 
but    agrees    in    all    the    other    characters. 


Castianeira  cubana  Bryant  is  not  only  the 
svnonym  of  C.  floridana  but  also  the  junior 
homonym  of  C.  cubana  (Banks). 

Natural  history.  Nothing  is  known  of  the 
habits  or  habitat  of  this  species.  It  is  pos- 
sible that  this  is  a  mutillid  mimic. 

Distribution.  Southern  Florida  and  Cuba 
(Map  3). 

Castianeira  venusta  (Banks) 
Figures  36,  37,  57.   Map  3. 

Pedo  ornatus  O.  P.-Cambridge,  1896,  Biol.  Centrali- 
Americana  Arachnida  1:220,  pi.  26,  fig.  14,  9. 
Female  syntypes  from  Amula,  Guerrero,  Mexico; 
in  die  British  Museum  (Natural  History),  ex- 
amined. Female  lectotype  chosen.  A  secondary 
junior  homonym  of  HerpijUus  ornatus  Hentz. 

Pedo  phimosu.s  O.  P.-Cambridge,  1898,  Biol.  Cen- 
trali- Americana  Arachnida  1:242-243,  pi.  31,  fig. 
12,  5 ,  from  Amula,  Guerrero,  Mexico;  in  the 
British  Museum  (Natural  History),  examined. 
(Not  Corimm  pliimosa  Thorell,  1881.)  NEW 
SYNONYMY. 

Thargalia  vemista  Banks,  1898,  Proc.  California 
Acad.  Sci.  (3)1(7)  :227,  pi.  13,  fig.  35,  9, 
from    San    Miquel,    Sonora,    Mexico;    destroyed. 

Castianeira  ornafa:  F.  P.-Cambridge,  1899,  Biol. 
Centrali-Americana  Arachnida  2:81. 

Castianeira  plumosa:  F.  P.-Cambridge,  1899,  Biol. 
Centrali-Americana  Arachnida  2:81. 

Castaneira  venusta:  Petrunkevitch,  1911,  Bull. 
Amer.   Mus.  Nat.  Hist.  29:456. 

Castianeira  pedo  Roewer,  1951,  Abhandl.  Natur. 
Verhandl.  Bremen  32(2):446  (nvmen  novum 
for  Pedo  plumosvs  O.  P.-Cambridge).  NEW 
SYNONYMY. 

FEMALE 

Mea.suremcnt.s.  Based  on  lectotype  and 
2  females,  lectotype  listed  first,  range  of  all 
follows:  carapace  length  3.30  mm,  3.30- 
3.40  mm;  carapace  width  2.20  mm,  2.20- 
2.30  mm;  carapace  index  67,  65-69;  sternum 
length  1.45  mm,  1.45-1.60  mm;  sternum 
width  1.20  mm,  1.20-1.30  mm;  sternum 
index  85,  81-85. 

Femur  IV  length  2.60  mm,  2.60-2.65  mm; 
femur  IV  width  0.75  mm,  0.75-0.80  mm; 
leg  thickness  index  29,  29-31;  leg  length 
index  78,  75-79. 

Abdomen  length  4.60  mm,  4.30-4.60  mm; 
abdomen  width  2.90  mm,   2.80-2.90  mm; 
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MAP  3  ;  ; 

O  Castiaiieira  floridana        \, 

•  C.    'iiexicana  •■    V 

A  C.    flebilis 

^  C.    lacfirymosa 

■  C.    veiuista 

D  C.    plorans 


abdomen  index  63,  63-66;  dorsal  sclerite 
length  (lectotype  not  included)  0.60-0.65 
mm;  dorsal  sclerite  width  0.95  mm,  0.95- 
1.00  mm;  dorsal  sclerite  index  (lectotype 
not  included)    150-172. 

Description.  Carapace  deep  red-brown, 
co\'ered  with  short  black  hairs.  Carapace 
moderately  narrow  in  head  region  (cephalic 
width  index  60)  and  smoothly  truncated 
anteriorly.  Eyes  bordered  in  black  and 
almost  equal,  the  anterior  lateral  eyes 
slightly  larger  than  the  anterior  median 
eyes.    Thoracic  groove  moderate. 

Abdomen  oval,  with  a  small  red-brown 
dorsal  sclerite  and  a  dorsal  hair  pattern — 
t\\  o  short  horizontal  bands  of  white  hair  at 
anterior  end  (over  sclerite),  followed  by  a 
wide,  longitudinal  band  of  orange  hairs  on 
light  pigment  running  full  length  to  just 
before  posterior,  where  it  ends  in  a  narrow, 
horizontal  white  hair  band  ( Fig.  57 ) .  Two 
large  white  hair  spots  on  each  side  of  ab- 
domen. \'entral  abdomen  light  bro\\'n,  with 
two  longitudinal  beaded  hues  of  hght  pig- 


ment running  from  sides  of  epigastric  fur- 
row almost  to  spinnerets.  Abdominal  setae 
ver\'  thin. 

Sternum  deep  red-brown  with  long  setae, 
especially  at  edges.    Pedicel  negHgible. 

Chelicerae  brown  with  two  moderate 
retromargin  teeth  and  two  promargin  teeth; 
the  distal  larger  and  the  proximal  smaller 
than  the  retromargin  teeth  (trace  of  vestigial 
denticle ) . 

Coxae  all  light  brown.  Trochanter  IV 
notch  moderately  strong. 

Femora  dark  brown.  Rest  of  legs  I  and 
II  yellow;  rest  of  legs  III  and  IV  brown, 
with  lightened  areas  reinforced  b\'  light 
hair  at  distal  end  of  patella  III,  proximal 
end  of  tibia  III,  both  ends  of  tibia  IV  and 
tarsus   IV.    Legs  moderately  hirsute. 

External  epig>'num  with  heavily  scle- 
rotized,  flared  openings  ( Fig.  37 ) .  Internal 
structure  with  globose  spermathecae  having 
narrow  posterior  necks  turned  outwards 
(Fig.  36). 

Remarks  (see  Remarks  under  C.  plorans). 
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White  spots  on  side  of  abdomen  sometimes 
absent. 

Natural  histanj.  Notliing  is  known  of  the 
habits  or  habitat  of  this  species. 

Distribution.  Mexico,  and  reported  by 
O.P.-Cambridge  (1899)  from  Guatemala 
(Map  3). 

Records.    MEXICO.    Guerrero.    Sonora. 

The  amoena  Group 

Characteristics.  Moderately  large  (male 
carapace  length  2.60-3.55  mm;  female  cara- 
pace length  3.15-4.30  mm;),  with  carapace 
index  63-70.  Abdomen  completely  covered 
with  plumose  hairs  with  black  horizontal 
stripes  and  pairs  of  spots  on  a  bright  orange 
background.  Spennathecae  with  globose 
anterior  ends,  moderately  thin  posterior 
necks,  and  wide  bursae  copulatrices.  Male 
genital  index  21-26,  with  slightly  curved 
emboli.    Eyes  moderately  small  and  equal. 

Discussion.  This  group  is  closely  related 
to  the  longipalpus  group,  but  its  distinctive 
genitalia  and  patterns  easily  distinguish  it. 

Casfianeira  amoena  (C.  L.  Koch) 
Figures  70-73,  84,  85.   Map  4. 

Corinna  amoena  C.  L.  Koch,  1842,  Die  Arachniden 
9:21-22,  fig.  705,    5,  from  "Carolina";  lost. 

Herpijllus  omatiis  Hentz,  1847,  Boston  J.  Nat. 
Hist.  Soc.  5:456,  pi.  24,  fig.  6,  ?,  from  North 
Carolina;  lost. 

Herptilhis  marmoraius  Hentz,  1847,  Boston  J.  Nat. 
Hist.  Soc.  5:458,  pi.  24,  fig.  10,  $,  from  Ala- 
bama; lost. 

Casiianeira  amoena:  Banks,  1910,  Bull.  U.S.  Nat. 
Miis.  72:11  (=  ornaius,  —  marmoratus).  Bishop 
and  Crosby,  1926,  J.  EHsha  Mitchell  Sci.  Soc. 
41(3-4):  185,  pi.  2.3,  fig.  34,    $. 

MALE 

Measurements.  Based  on  10  males :  Cara- 
pace length  2.60-2.95  mm;  carapace  width 
1.75-2.05  mm;  carapace  index  66-70;  ster- 
num length  1.10-1.30  mm;  sternum  width 
0.95-1.05  mm;  sternum  index  80-83. 

Femur  IV  length  1.80-2.15  mm;  femur 
IV  width  0.60-0.75  mm;  leg  thickness  index 
32-35;  leg  length  index  68-72. 


Abdomen  length  2.70-3.50  mm;  abdomen 
width  1.45-1.90  mm;  abdomen  index  50-57. 

Embolus  length  0.23-0.26  mm;  bulb 
length  1.01-1.19  mm;  male  genital  index 
21-24. 

Description.  Carapace  dark  orange  with 
light  orange  hairs;  narrow  in  head  region 
( cephalic  width  index  49-53 )  and  smoothly 
truncated  anteriorly.  Ocular  region  much 
darker.  Eyes  moderately  small  and  equal. 
Thoracic  groove  moderate. 

Abdomen  oval,  with  an  almost  complete 
maroon  dorsal  scutum  with  about  seven 
horizontal  black  pigment  bands  on  it,  the 
posterior  couple  missing  the  median  section 
(Fig.  85).  Dark  orange  hairs  arise  from 
darker  areas  and  light  yellow  hairs  arise 
from  lighter  areas.  Orange  hairs  predomi- 
nate on  sides  and  posterior.  Epigastric 
sclerite  red-brown.  Rectangular,  dark  red- 
brown  ventral  sclerite  from  epigastric  fur- 
row posteriorly  about  four-fifths  distance 
to  posterior  spiracular  furrow  and  covered 
with  plumose  white  hairs.  Very  small,  red- 
brown  inframammilliary  sclerite.  Both  pairs 
of  abdominal  setae  very  thin. 

Sternum  orange-brown  with  sparse,  thin 
setae.   Short  pedicel. 

Chelicerae  dark  red-brown,  with  two 
moderate  retromargin  teeth  and  two  pro- 
margin  teeth,  the  distal  one  large  and  the 
proximal  one  similar  to  retromargin  teeth. 
A  small  denticle  distal  to  larger  promargin 
tooth. 

Coxa  I  brown;  II,  III,  and  IV  Hght 
brown.    Trochanter    IV   with    a   moderate 

notch. 

Femora  I  and  II  dark  brown,  rest  of  legs 
I  and  II  light  yellow.  Femora  III  and  IV 
orange-brown,  with  broad,  dark  brown  hair 
and  pigment  rings  at  distal  ends  ( with  light 
tip ) .  Patellae  and  tibiae  of  III  and  IV  each 
with  a  hght  ring  at  each  end  (especially 
strong  in  tibia  IV ) .  Rest  of  III  dark  yellow. 
Metatarsus  IV  dark  brown  with  faintly 
lighter  central  annulus,  and  tarsus  IV  yel- 
low. Legs  moderately  hirsute.  Tibia  I 
ventral  spination:    2-1,  moderate. 
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MAP   4 
O  Castianeira   amoena 
•  C.    alteranda 


Pedipalp  with  slight  tibial  apophysis. 
Tarsus  with  globose  genital  bulb  drawn  out 
into  long  neck  with  a  fairly  thin,  slightly 
curved,  sclerotized  embolus  (Figs.  72,  73). 

FEMALE 

Measurements.  Based  on  10  females: 
carapace  length  3.15-3.55  mm;  carapace 
width  2.10-2.35  mm;  carapace  index  65-68; 
sternum  length  1.40-1.50  mm;  sternum 
width  1.10-1.25  mm;  sternum  index  77-85. 

Femur  IV  length  2.20-2.50  mm;  femur 
IV  width  0.70-0.80  mm;  leg  thickness  index 
32-33;  leg  length  index  65-74. 

Abdomen  length  3.45-4.50  mm;  abdomen 
width  1.8.5-2.95  mm;  abdomen  index  53- 
65;  dorsal  sclerite  width  1.20-1.30  mm. 

Description.  Carapace  bright  orange 
with  orange  hairs;  narrow  in  head  region 
(cephalic  width  index  56-58)  and  smoothly 


truncated  anteriorly.  Ocular  region  much 
darker.  Eyes  moderately  small  and  equal. 
Thoracic  groove  fairly  weak. 

Abdomen  oval,  with  a  moderate,  anterior, 
light  orange  dorsal  sclerite;  horizontal,  al- 
ternating black  and  white,  plumose  hair 
bands  complete  and  fairly  wide  anteriorly, 
becoming  thinner  and  missing  median  sec- 
tions posteriorly;  orange  plumose  hairs  in  a 
posteriorly  widening  and  darkening  band, 
starting  at  sclerite  and  replacing  areas  of 
white  hairs.  Total  of  about  eight  black  hair 
bands  or  pairs  of  black  hair  spots  (Fig. 
84 ) .  Epigastric  sclerite  yellow.  Ventral  ab- 
domen white.  Both  pairs  of  abdominal 
setae  very  tliin. 

Sternum  light  yellow,  with  sparse,  long, 
thin  setae.    Short  pedicel. 

Chelicerae  yellow-brown,  with  two  mod- 
erate retromargin  teeth  and  two  promargin 
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teeth,  the  distal  one  large  and  the  proximal 
one  similar  to  retromargin  teeth.  A  small 
denticle  distal  to  the  larger  promargin 
tooth. 

Coxae  all  light  yellow.  Truclianter  IV 
with  a  deep  notch. 

Femora  I  and  II  dark  brown  (covered 
\\ith  dark  dense  hairs),  tips  of  femora  and 
rest  of  legs  I  and  II  yellow-white.    Femora 

III  and  IV  yellow-orange,  with  broad,  dark 
brown  hair  rings  at  distal  ends  (but  with 
white  tip).    Patellae  and  tibiae  of  III  and 

IV  each  with  a  broad  white  hair  ( and  light 
pigment)  ring  at  each  end.  Rest  of  III 
dark  yellow.  Metatarsus  IV  dark  brown, 
with  faintly  lighter  central  annulus,  and 
tarsus  IV  dark  yellow.  Legs  moderately 
hirsute.  Tibia  I  ventral  spination:  2-2,  mod- 
erate (proximal  retrolateral  spine  smaller). 

External  genitalia  with  a  pair  of  flat  oval 
openings  ( Fig.  71 ) .  Internal  structure  with 
globose  spermathecae  narrowing  gradually 
to  posterior  necks   (Fig.  70). 

Diagnosis.  Ca.stiancira  amocna  differs 
from  C.  alteranda  in  its  stocky  legs  (leg 
thickness  index  .32-35)  as  well  as  some  dif- 
ferences in  its  abdominal  loattern. 

Remarks.  (See  Remarks  under  Casiianeira 
alteranda. ) 

Natural  history.  Castiancira  amoena, 
mainly  a  southern  species,  is  found  in  the 
non-forest  maritime  communities  of  North 
Carolina  (Barnes,  1953a  and  1953b)  and 
under  rock  and  stones  and  on  stone  out- 
crops in  eastern  Nebraska  (Worley  and 
Pickwell,  1931).  Hentz  (1847)  reports  the 
species  "wandering  on  paths,  and  very 
active,  in  woods  or  unfrequented  places." 

Distribution.  Southeastern  U.S.  (Map  4). 

Casfianeira  alteranda  Gertsch 

Figures  66-69,  83.   Map  4. 

Castianeira  alteranda  Gertsch,  1942,  Amer.  Mus. 
\ovit.  No.  1195:6,  figs.  19-20,  6,  $■  Male 
holotype  from  Hamilton,  Ravalli  Co.,  Montana; 
in  the  American  Museum  of  Natural  History, 
examined. 


MALE 

Measurements.  Based  on  holotype  and 
one  male,  holotype  listed  first,  range  of 
both  follows:  carapace  length  3.55  mm, 
3.30-3.55  mm;  carapace  \\'idth  2.35  mm, 
2.15-2.35  mm;  carapace  index  66,  66;  ster- 
num length  1.60  mm,  1.50-1.60  mm;  ster- 
num width  1.20  mm,  1.15-1.20  mm;  sternum 
index  78,  78. 

Femur  IV  length  2.80  mm,  2.40-2.80  mm; 
femur  IV  width  0.70  mm,  0.65-0.70  mm; 
leg  thickness  index  25,  25-27;  leg  length 
index  78,  74-78. 

Abdomen  length  3.85  mm,  3.30-3.85  mm; 
abdomen  width  2.15  mm,  1.70-2.15  mm; 
abdomen  index  56,  52-56. 

Embolus  length  0.34  mm,  0.31-0.34  mm; 
bulb  length  1.34  mm,  1.24-1.34  mm;  male 
genital  index  26,  25-26. 

Description.  Carapace  orange,  with  very 
short  orange  hairs.  Eyes  small,  about  equal, 
and  bordered  in  black.  Carapace  narrower 
in  head  region  (cephalic  width  index  52- 
55)  and  smoothly  truncated  anteriorly. 
Thoracic  groove  moderately  strong. 

Abdomen  oval  with  a  seven-eighths  full 
red-brown  dorsal  sclerite  covered  with 
orange-white  and  black  hairs  in  obscure 
bands  (most  rubbed  off).  Epigastric  scle- 
rite red-brown.  Ventral,  elongate,  orange- 
brown,  rectangular  sclerite  running  from 
epigastric  furrow  almost  to  spiracular  fur- 
row. A  small  orange  inframammilliary 
sclerite.  Anterior  abdominal  setae  thin, 
posterior  pair  stouter. 

Sternum  orange,  covered  with  sparse, 
small,  thin  orange  setae.  Pedicel  very  small. 
Chelicerae  orange,  with  two  moderate 
retromargin  teeth  and  two  promargin  teeth, 
the  distal  one  larger  and  the  proximal  one 
slightly  smaller.  A  small  denticle  distal  to 
larger  promargin  tooth. 

Coxae  dark  yellow-orange.  Trochanter 
IV  notch  moderate. 

Femora  red-brown.  Rest  of  legs  I  and 
II  yellow-brown;  rest  of  leg  III  deep  red- 
brown  (patella  lighter);  rest  of  leg  IV  dark 
red-brown  (patella  and  both  ends  of  tibia 
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lighter).  Tibia  I  ventral  spination:  2-2, 
small,  proximal  retrolateral  spine  smaller 
than  the  rest. 

Pedipalp  with  a  moderate  pointed  tibial 
apophysis.  Tarsus  with  a  globose  genital 
bulb  drawn  out  into  a  long  neck  with  a 
long,  slightK-  curxed,  and  fairly  thick 
embolus  (Figs.  68,  69). 

FEMALE 

Measurements.  Based  on  2  females: 
carapace  length  3.65-4.30  mm;  carapace 
width  2.30-2.80  mm;  carapace  index  &3- 
65;  sternum  length  1.65-1.85  mm;  stemum 
width  1.30-1.45  mm;  stemum  index  79-80. 
Femur  I\^  length  2.95-3.30  mm;  femur  IV 
width  0.70-0.85  mm;  leg  thickness  index 
24-26;  leg  length  index  77-81. 

Abdomen  length  4.20-5.65  mm;  abdomen 
\\idth  2.10-3.65  mm;  abdomen  index  50- 
64;  dorsal  sclerite  width  1.05-1.10  mm. 

Description.  Carapace  dark  yellow  with 
low  orange  hairs.  Eyes  fairly  small,  equal, 
and  bordered  in  black.  Carapace  narrows 
in  head  region  (cephalic  width  index  61- 
62)  and  is  smoothly  truncated  anteriorly. 
Thoracic  groove  moderately  strong. 

Abdomen  oval  with  a  small,  orange,  an- 
terior dorsal  sclerite  and  a  black  and  orange 
dorsal  hair  pattern  (the  orange  becoming 
white  on  sides  of  abdomen)  of  three  wide 
horizontal  orange  bands  joined  broadly 
along  the  median,  followed  by  two  thin 
horizontal  bands  and  a  wide'  band  just 
anterior  to  the  spinnerets  (Fig.  ^3).  Yellow 
epigastric  sclerite.  Ventral  abdomen  with 
two  parallel  white  stripes  from  ends  of 
epigastric  furrow  posterior  to  the  spinnerets. 
Anterior  abdominal  setae  thin,  posterior 
pair  stouter. 

Sternum  >'ellow-orange  with  long,  thin 
setae.    Pedicel  very  small. 

Chelicerae  yellow-orange,  with  two  mod- 
erate retromargin  teeth  and  two  promargin 
teeth,  the  distal  one  larger  and  the  proximal 
one  slightly  smaller.  A  small  denticle  distal 
to  larger  promargin  tooth. 

Coxae  dark  yellow  (IV  slightly  darker). 


Trochanter  IV  notch  moderately  strong. 
Femora  all  yellow-orange.  Rest  of  legs 
I  and  II  very  light  yellow;  rest  of  leg  III 
\eIlow-orange,  with  metatarsus  and  tarsus 
vellow-brown;  rest  of  IV  yellow-orange, 
\\ith  tarsus  brown  and  ends  of  tibia  very 
light  \ellow  with  white  hairs.  Legs  moder- 
ately hirsute.  Tibia  I  ventral  spination- 
2-1,  small. 

External  epigynum  with  two  o\al  open- 
ings (Fig.  66).  Internal  structure  with 
somewhat  globose  sperm athecae  with  mod- 
erately wide  necks  posteriorly  and  wide 
bursae  copulatrices  (Fig.  67). 

Diaiinosis.  Castianeira  alferanda  differs 
from  C.  amoena  in  its  moderately  thin  legs 
(leg  thickness  index  24-27),  as  well  as  in 
having  some  differences  in  its  abdominal 
pattern. 

Remarks.  C.  alferanda  is  similar  to  C. 
amoena  but  slightly  larger,  with  longer, 
thinner  legs  and  emboli.  The  two  groups 
are  entirely  allopatric  and  may  be  the  ex- 
tremes of  a  geographic  cline,  but  until 
intermediates  are  found,  they  should  be 
considered  separate  species. 

Natural  history.  Nothing  is  known  of  the 
habits  of  this  species. 

Distribution.  Montana,  Colorado,  Al- 
berta, and  Saskatchewan  (Map  4). 

Records.  CANADA.  Alhena.  Saskatche- 
wan. 

Colorado.  Boulder  Co.  Montana.  Custer 
Co.,  Ravalh  Co. 

The  descripta  Group 

Characteristics.  Moderately  large  (male 
carapace  length  2.10-3.70  mm;  female  cara- 
pace length  2.60-4.05  mm),  with  a  carapace 
index  63-72.  Abdomen  covered  with  plu- 
mose hairs  with  a  red-orange  posterior  spot, 
often  extending  considerably  anteriorly  and 
laterally,  or  a  white  hair  pattern.  Sperma- 
thecae  with  globose  anterior  ends  and 
thick,  slightly  twisted  posterior  necks. 
Epigynal  openings  small  and  round.  Male 
genital  index  15-18,  with  fairly  thin  emboli. 
Moderately  stocky,  with  the  leg  thickness 
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MAP    5 
A  Castianeira  vulnerea 
A  C.    walsiiicjhami 
■  C.    crucigera 
•   C.    occidens 
cq    o  C.    descripta 


index  of  the  females  25-31.    Eyes  moder- 
ately small  and  equal. 

Discussion.  This  group  is  closely  related 
to  the  preceding  two  species  groups,  but 
the  distinctive  female  genitaHa  clearly  dif- 
ferentiates it.  Two  sub-groups  can  be  dis- 
tinguished: (1)  C.  descripta,  C.  occidens, 
and  C.  walsingJiami,  and  (2)  C.  crucigera 
and  C.  mdnerea.  The  first  group  has  an 
abdominal  red-orange  posterior  spot,  while 
the  second  group  has  a  white  hair  pattern 
concentrated  along  the  midline  of  the  ab- 
domen. The  three  species  in  the  first  group 
are  allopatric,  closely  related,  and  may  all 
be  part  of  one  p)olytypic  species,  but  they 
are  separated,  conditionally,  on  the  basis 
of  their  pattern  differences  and  slight 
genitalic  differences. 

Castianeira  descripta  (Hentz) 

Figures  88-91,  121.    Maps  5,  6. 

?  Sphasus    vittatus    Walckenaer,     1837,     Histoire 
Naturelle   des  Insectes   Apteres    1:378    (Abbot, 


1792,  Spiders  of  Georgia  fig.  369,  examined). 

'Nomen    ohlitum.^ 
Herpijllus  descriptus  Hentz,  1847,  Boston  J.  Nat. 

Hist.  Soc.  5:456,  pi.  24,  fig.  7,    9,  from  North 

Carolina;  lost. 
Geotrecha  crocata:     Emerton,    1889,   Trans.   Con- 

necticait  Acad.  Sci.  8(9):171,  pi.  3,  fig.  3,  5,  9. 

Emerton,    1902,   The    Common    Spiders    of   the 

United  States,  Boston,  p.  7,  figs.  20-22,    $,9. 
TJwrgalia  opilis  Banks,  1892,  Proc.  Acad.  Nat.  Sci. 

Philadelphia  1892(1  ):15,  fig.  52,    ?,  from  Six 

Mile    Creek,    near    Ithaca,    New    York;    in    the 

Museum    of    Comparative    Zoology,    examined. 

NEW  SYNONYMY. 
Thargalia   fallax   Banks,    1892,    Proc.    Acad.    Nat. 

Sci.  Philadelphia  1892(1  ):16,  pi.  1,  fig.  54,    $. 

Male  syntypes  from  Ithaca,   New  York;   in  the 

Museum  of  Comparative  Zoology,  examined. 
Thargalia  crocata:    Banks,  1892,  Proc.  Acad.  Nat. 

Sci.  Philadelphia  1892(1  ):17. 
Castaneira     descripta:       Simon,      1897,     Histoire 

Naturelle   des   Araignees,   II,    fasc.    1:158,    figs. 

161,  162,  <^.   Comstock,  1912,  The  Spider  Book, 

Ithaca,  New  York,  p.  578,  figs.  656,  657. 


^  This  name  has  gone  unused  since  Walckenaer's 
description  (1837),  except  in  a  review  of  Walc- 
kenaer's work  by  Chamberlin  and  Ivie  ( 1944 ) . 
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Castianeira  descripta:  Cliickering,  1939,  Pap. 
Michigan  Acad.  Sci.  24(2)  :59,  figs.  20-23,  $, 
9 .  Kaston,  1948,  Connecticut  Geol.  and  Nat. 
Hist.  Suiv.  Bull.  70:395,  figs.  1402,  1409- 
1410,   1426,    S,    9. 

MALE 

Measurements.  Based  on  11  males:  cara- 
pace length  2.90-3.70  mm;  carapace  width 
1.95-2.40  mm;  carapace  index  65-68;  ster- 
num length  1.25-1.65  mm;  sternum  width 
1.0.5-1.30  mm;  sternum  index  77-86. 

Femur  I\^  length  2.20-2.85  mm;  femur 
I\'  width  0.60-0.75  mm;  leg  thickness  index 
26-28;  leg  length  index  73-81. 

Embolus  length  0.15-0.19  mm;  bulb 
length  0.9.3-1.10  mm;  male  genital  index 
15-17. 

Description.  Carapace  red-brown,  covered 
with  short  black  and  white  hairs.  Carapace 
narrow  in  head  region  (cephalic  width 
index  53-58)  and  smoothly  truncated  an- 
teriorly. Ocular  region  darker.  Eyes  small 
and  equal.  Thoracic  groove  strong. 

Abdomen  oval,  with  an  almost  full,  dark 
red-brown  dorsal  sclerite  covered  witli  fine 
hair — red-orange  hairs  on  redder  posterior 
half  and  extending  anteriorly  onto  red- 
brown  ground.  Some  white  hairs  at  an- 
terior end.  Epigastric  and  ventral  sclerite 
red-brown.  Ventral  sclerite  elongated  rec- 
tangle, almost  extending  to  a  small  orange- 
brown  inframammilliary  sclerite.  First  pair 
of  abdominal  setae  thin,  second  pair  mod- 
erately  thin. 

Sternum  dark  red-brown,  shield-shaped, 
\\ith  sparse,  thin  setae.   Pedicel  very  short. 

Chelicerae  red-brown  with  two  moder- 
ately large  retromargin  teeth  and  two  pro- 
margin  teeth,  the  distal  one  larger  and  the 
proximal  smaller  than  the  retromargin  teeth. 
A  small  denticle  medial  and  distal  to  the 
larger  promargin  tooth. 

Coxae  all  orange-brown.  Trochanter  IV 
notch  moderate. 

Femora  all  dark  red-brown.  Rest  of  legs 
I  and  II  yellow;  of  leg  III  orange-brown; 
of  leg  IV  red-brown,  with  a  yellow-brown 


tarsus.    Legs  moderately  hirsute.    Tibia  I 
ventral  spination:    2-2,  moderate. 

Pedipalp  with  a  short,  blunt  tibial  apo- 
physis. Tarsus  with  a  globose  genital  bulb 
drawn  out  into  a  long  neck  with  a  straight, 
thin  embolus,  twisted  at  the  tip  (Fig.  90, 
91). 

FEMALE 

Measurements.  Based  on  15  females: 
carapace  length  3.30-3.95  mm;  carapace 
width  2.10-2.60  mm;  carapace  index  63-67; 
sternum  length  1.45-1.80  mm;  sternum 
width  1.15-1.55  mm;  sternum  index  79-86. 

Femur  IV  length  2.4.5-3.10  mm;  femur  IV 
width  0.70-0.90  mm;  leg  thickness  index 
2.5-31;  leg  length  index  71-83. 

Description.  Carapace  red-brown,  covered 
with  short  black  and  white  hairs.  Carapace 
narrow  in  head  region  (cephalic  width 
index  57-61)  and  smoothly  truncated  an- 
teriorly. Ocular  region  darker.  Eyes  mod- 
erately small  and  equal.  Thoracic  groove 
moderately  strong. 

Abdomen  oval,  with  a  very  small, 
rounded,  anterior,  red-brown  dorsal  sclerite 
and  covered  with  dark  brown  or  brown- 
black  hairs,  with  a  wide  red  spot  at  posterior 
end  narrowing  anteriorly,  resulting  in  a 
bright  red-orange  posterior  wedge  (Fig. 
121).  Epigastric  sclerite  red-brown.  Two 
light  pigmented,  thin,  beaded  stripes  from 
lateral  sides  of  epigastric  furrow  posteriorly 
towards  spinnerets.  First  pair  of  abdominal 
setae  very  thin,  second  pair  thin. 

Sternum  as  in  male. 

Chelicerae  dark  red-brown  with  two  mod- 
erately large  retromargin  teeth  and  two 
promargin  teeth,  the  distal  one  large  and 
the  proximal  smaller  than  the  retromargin 
teeth.  A  small  distinct  denticle  medial  and 
slightly  distal  to  the  larger  promargin 
tooth. 

Coxae  all  red-brown.  Trochanter  IV 
notch  moderate. 

Femora  all  red-brown.  Rest  of  legs  I 
and  II  deep  yellow;  of  legs  III  and  IV  with 
patella-tibia    striped    red-brown    with   two 
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lateral  dorsal  \ello\v  stripes,  metatarsi  red- 
brown,  tarsi  yellow  brown.  Legs  moder- 
ately hirsute.  Tibia  I  ventral  spination: 
3-2,  moderate  (proximal  prolateral  spine 
mueh  smaller  than  the  rest). 

External  epig\ninn  with  two  widely 
separated,  small,  eircular  openings  (Fig. 
89).  Internal  strueture  heavily  sclerotized 
w  ith  saelike  spermathecae  narrowing  only 
slightly  posteriorly  (Fig.  88). 

Diagnosis.  Castiancira  descripta  can  be 
distinguished  from  other  descripta  group 
species  by  its  posterior  red  spot  ( sometimes 
very  small)  and  the  absence  of  a  white 
longitudinal  stripe  on  the  carapace. 

Remarks.  This  \\ide-spread  American 
species  shows  geographic  variation  in  the 
size  of  its  posterior  red  spot,  which  in- 
creases in  size  towards  the  south  and  west 
(see  Map  6).  This  seems  to  be  a  smooth 
cline,  and  while  there  is  a  good  deal  of 
\ariation  within  each  area,  there  is  no 
evidence  of  any  polymorphism. 

This  species  is  not  closely  related  to 
Castiancira  crocata  (see  Remarks  under  C. 
crocata ) . 

Natural  history.  Castiancira  descripta  is 
found  in  forest  litter,  beneath  logs  and 
stones  and  among  leaves  on  the  ground  in 
Michigan  ( Chickering,  1939),  commonly 
on  the  ground  in  dr\'  fields  and  pastures  in 
Ohio  (Barrows,  1918),  on  the  ground  and 
under  stones  in  the  prairie  of  Oklahoma 
(Banks,  Newport  and  Bird,  1932),  on  dusty 
roads  and  under  boards  in  Nebraska 
( Worley  and  Pickwell,  1931 ) ,  and  on  straw 
washed  up  by  the  tide  in  Nantucket  ( Emer- 
ton,  1930).  Generally  C.  descripta  is 
found  in  more  open  ground  than  are  C. 
Jon<j,ipaIpus  and  C.  cinu^ulata.  It  feeds  on 
small  insects,  and  has  no  special  prey 
(Bilsing,  1920). 

Montgomery  ( 1909 )  noted  the  similarity 
of  the  method  of  copulation  of  C.  descripta 


to  that  of  C.  longi})aIpi(s  (see  Natural  his- 
tory under  the  latter  species). 

The  egg  case  is  like  that  of  C.  longipalpus, 
a  white  chsc.  One  egg  case  from  Ithaca, 
New^  York  (August  5),  contained  22  eggs; 
Kaston  (1948)  reports  one  (August  30) 
with  14  eggs;  and  Fitch  (1963)  reports 
two,  one  with  26  eggs  and  one  with   19. 

Scheffer  ( 1906 )  notes  that  ".  .  .  from  its 
general  appearance  and  movements  this 
spider  might,  at  first  sight,  be  easily  mis- 
taken for  a  velvet  ant  (mutillid)."  Fitch 
(1963)  describes  the  jerky,  darting  move- 
ments and  the  devious  course  of  the  for- 
aging spider. 

Disirihution.    Eastern  U.S.  (Map  5). 

Castianeira  occidens  new  species 
Figures  96-99,  113-115.    Map  5. 

Holotype.  Male  from  Lakeside,  Navajo 
Co.,  Arizona,  8-Vn-1940  (Gertsch  and 
Hook);  in  the  American  Museum  of  Nat- 
ural History.  The  specific  name  is  a  noun 
in  apposition  meaning  the  West. 

MALE 

Measurements.  Based  on  holotype  and 
4  males,  holotype  listed  first,  range  of  all 
follows:  carapace  length  3.10  mm,  3.10- 
3.55  mm;  carapace  width  2.05  mm,  2.05- 
2.35  mm;  carapace  index  67,  6.5-68;  ster- 
num length  1.40  mm,  1.35-1.60  mm;  ster- 
num width  1.10  mm,  1.10-1.30  mm;  sternum 
index  81,  81-88. 

Femur  IV  length  2.60  mm,  2.60-2.90 
mm;  femur  IV  width  0.65  mm,  0.65-0.80 
mm;  leg  thickness  index  25,  24-28;  leg 
length  index  81,  80-86. 

Abdomen  length  3.55  mm,  3.55-4.20  mm; 
abdomen  width  1.75  mm,  1.55-2.25  mm; 
abdomen  index  49,  46-55. 

Embolus  length  0.17  mm,  0.17-0.20  mm; 
bulb  length  1.03  mm,  1.03-1.16  mm;  male 
genital  index  17,  16-17. 


Map    6.     Abdominal     pattern    variation    in    Castianeira    descripta.      (The    white    area    on     each     represents     the     red-orange 
posterior  spot.) 
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Description.  Carapace  red-brown  and 
covered  with  dense  hairs— a  wide  longitudi- 
nal median  band  of  white  hairs,  with  dark 
hairs  on  the  sides,  and  the  thoracic  region 
bordered  with  \\hite  hairs.  Head  narrow 
( cephalic  width  index  53-58 )  and  smoothly 
truncated  anteriorly.  Small  lighter  spot  just 
anterior  to  thoracic  groove.  Eyes  moder- 
ately small,  equal,  and  bordered  in  black. 
Thoracic  groove  moderate. 

Abdomen  a  long  oval  \\  ith  a  full  dorsal 
sclerite,  at  anterior  end  red-browai  \\ith 
white  hairs  but  becoming  orange  \\ith 
bright  orange  hairs  on  posterior  three- 
fourths  of  abdomen,  with  a  tongue  of  an- 
terior coloration  extending  posteriorly  along 
the  median  to  the  middle  of  the  abdomen 
(Fig.  113).  Epigastric  sclerite  orange- 
brown,  and  an  almost  full  orange  ventral 
sclerite.  First  pair  of  alxlominal  setae  very 
thin,   second  pair  thin. 

Sternum  shield-shaped  and  orange-brown, 
with  moderately  sparse  setae. 

Chelicerae  red-brown,  with  two  moder- 
ate retromargin  teeth  and  two  promargin 
teeth,  the  distal  larger  and  the  proximal 
.smaller  than  the  retromargin  teeth.  No 
distinct  denticle  present. 

Coxae  all  yellow-orange.  Trochanter  IV 
notch  moderate. 

Femora  all  red-brown,  with  some  black 
and  white  hairs.  Rest  of  legs  I  and  II 
yellow;  rest  of  III — patella-tibia  light  red- 
brown,  metatarsus  and  tarsus  yellow;  rest 
of  IV  red-brown,  except  tarsus  yellow. 
Tibia  I  ventral  spination:  3-2,  moderate 
except  proximal  prolateral  spine  small. 
Legs  fairly  heavily  hirsute. 

Pedipalp  with  a  short,  blunt  tibial  apo- 
physis. Tarsus  with  a  globose  genital  bulb 
drawTi  out  into  a  long  neck  with  a  moder- 
ately long,  thin,  and  straight  embolus  (Figs. 
98,  99). 

FEMALE 

Measurement.';.  Based  on  10  females: 
carapace  length  3.15-4.00  mm;  carapace 
width  2.15-2.75  mm;  carapace  index  65-71; 


sternum  length  1.50-1.75  mm;  sternum 
width  1.20-1.50  mm;  sternum  index  82-88. 
Femur  IV  length  2.75-3.20  mm;  femur 
IV  width  0.70-0.90  mm;  leg  thickness  index 
25-30;  leg  length  index  77-87. 

Abdomen  length  3.95-6.35  mm;  abdomen 
width  2.25-3.95  mm;  abdomen  index  54- 
75;  dorsal  sclerite  length  0.30-0.65  mm; 
dorsal  sclerite  width  0.75-1.05  mm;  dorsal 
sclerite  index  1L3-290. 

Description.  Carapace  orange-brown  and 
covered  with  dense  hairs — a  moderately 
wide,  longitudinal,  median  band  of  white 
hairs  with  dark  hairs  on  the  sides,  and  the 
thoracic  region  bordered  wath  a  thin  band 
of  white  hairs  (Fig.  114).  Head  narrow 
( cephalic  width  index  56-61 )  and  smoothly 
truncated  anteriorly.  Eyes  moderately 
small,  equal,  and  bordered  in  black. 
Thoracic  groove  moderately  strong. 

Abdomen  oval,  w  ith  a  small,  red-brown 
dorsal  sclerite  and  covered  with  dense 
hairs — two  abbreviated  horizontal  white 
hair  stripes  surrounded  by  black  hairs  at 
anterior  end,  followed  by  a  wide  median 
stripe  of  brilliant  orange  hairs  with  black 
hairs  on  both  sides  (Fig.  115).  Epigastric 
sclerite  yellow.  Ventrum  cream  colored 
with  dark  hairs.  First  pair  of  abdominal 
setae  very  thin  and  long,  second  pair  thin. 

Sternum  shield-shaped,  Hght  brown,  with 
thin  setae. 

Chelicerae  red-brown,  w  ith  tsvo  moderate 
retromargin  teeth  and  two  promargin  teeth, 
the  distal  larger  and  proximal  smaller  than 
the  retromargin  teeth.  No  clear  denticle 
present. 

Coxae  all  light  yellow-brown.  Trochanter 
IV  notch  moderately  small. 

All  femora  yellow-brown  with  some  black 
and  white  hairs.  Rest  of  legs  I  and  II  light 
yellow-brown;  rest  of  legs  III  and  IV  yel- 
low-brown. Tibia  I  ventral  spination:  3-2, 
strong  and  fairly  long.  Legs  fairly  heavily 
hirsute. 

External  epigynum  with  two  small, 
widely  separated,  round  openings  (Fig. 
97).   Internal  structure  with  rounded  sper- 
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mathecae  narrowing  slightly  to  wide  pos- 
terior necks  (Fig.  96). 

Diupiosis.  Castiancira  occidcns  differs 
from  other  dcscripta  group  species  in  the 
longitudinal  white  band  on  its  carapace 
and  its  somewhat  longer,  thinner  sperma- 
thecal  necks   (Fig.  96). 

Remarks.  This  species  is  very  closely 
related  to  C.  dcscripta. 

Natural  history.  This  species  has  been 
collected  in  dryish  grass  and  mesquite  in 
southeastern  Arizona,  as  well  as  in  the 
forested  mountains  up  to  8000  feet.  A 
white  disclike  egg  case  contained  16  first 
instar  spiderlings. 

C.  occideiis  is  a  fast  running  spider  and 
possibly  a  mutillid  wasp  mimic. 

Distribution.  Southwestern  U.S.  and  \. 
W.  Mexico  (Map  5). 

Castianeira  waisinghami  (O.  P. -Cambridge) 
Figures  92-95,  122.   Map  5. 

Agroeca  tval^nghami  O.  P. -Cambridge,  1874,  Proc. 

Zool.  Soc.   London   1874:416,    i  ,  from  Oregon; 

in  the  Oxford  Musemn,  examined. 
Casianeira    wahinghami:      Simon,    1897,    Histoire 

Xaturelle  des  Araignees,  II  (1):167. 
Castianeira  wahingluimi:    Banks,   1910,  Bull.   U.S. 

Nat.   Mus.  72:11. 

MALE 

Measurements.  Based  on  holotype  and  2 
males,  holotype  listed  first,  range  of  all 
follows:  carapace  length  3.05  mm,  3.0.5- 
3.40  mm;  carapace  width  2.05  mm,  2.05- 
2.35  mm;  carapace  index  68,  68-70;  sternum 
length  1.2.5  mm,  1.25-1.50  mm;  sternum 
width  1.10  mm,  1.10-1.25  mm;  sternum 
index  90,  82-90. 

Femur  IV  length  2.50  mm,  2.50-2.70  mm; 
femur  IV  width  0.60  mm,  0.60-0.75  mm; 
leg  thickness  index  25,  2.5-27;  leg  length 
index  82,  80-82. 

Abdomen  length  3.30  mm,  3.30-3.65  mm; 
abdomen  width  1.75  mm,  1.60-2.05  mm; 
abdomen  index  53,  47-56. 

Embolus  length  0.16  mm,  0.16  mm;  bulb 
length  1.04  mm,  1.04-1.09  mm:  male 
genital  index  16,  1.5-16. 


Description.  Lightly  pigmented  speci- 
men. Light  orange-brown  carapace  with 
black  and  white  plumose  hairs — \\  hite  hairs 
along  center,  longer  in  the  cephalic  region. 
Eyes  moderately  small,  equal,  and  bordered 
in  black.  Carapace  narrows  in  head  region 
(cephalic  width  index  51-52)  and  is 
truncated  smoothly  anteriorly.  Thoracic 
groo\e  moderately  strong. 

Abdomen  a  long  oval  with  an  almost  full 
dorsal  sclerite  with  white  hairs  at  anterior 
end  and  mostly  orange-red  plumose  hairs 
on  the  rest,  with  a  longitudinal  band  of 
darker  hairs  down  anterior  part  of  midline 
(many  hairs  rubbed  off).  A  pair  of  light 
pigment  spots  just  anterior  to  middle  and 
almost  meeting  to  produce  a  wide  hori- 
zontal band.  Light  yellow-brown  epigastric 
and  almost  full  ventral  sclerites.  A  long 
white  spot  on  each  side  of  abdomen.  First 
pair  of  abdominal  setae  very  thin,  second 
pair  thin. 

Sternum  orange  with  moderately  dense, 
thin  setae. 

Chelicerae  orange-brown  with  two  mod- 
erate retromargin  teeth  and  two  promargin 
teeth,  the  distal  longer  and  the  proximal 
smaller  than  the  retromargin  teeth.  No 
distinct  denticle  present. 

Coxae  all  light  yellow.  Trochanter  IV 
notch  moderate. 

Femora  all  light  yellow.  Rest  of  legs  I 
and  II  light  yellow;  rest  of  legs  III  and  IV 
light  yellow-brown,  with  leg  IV  slightly 
darker,  especially  metatarsus  IV.  Legs 
moderately  hirsute.  Tibia  I  ventral  spina- 
tion:    2-2,  moderate. 

Pedipalp  with  a  short,  blunt  apophysis. 
Tarsus  with  a  globose  genital  bulb  drawn 
out  into  a  long  neck  with  a  moderately  long, 
thin,  and  straight  embolus   (Figs.  94,  95). 

FEMALE 

Measurements.  Based  on  4  females: 
carapace  length  3.65-4.05  mm;  carapace 
width  2.45-2.75  mm;  carapace  index  67- 
69;  sternum  length  1.65-1.75  mm;  sternum 
width  1.40-1.55  mm;  sternum  index  84—89. 
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Femur  IV  length  2.95-3.20  mm;  femur 
IV  width  0.80-0.85  mm;  leg  thickness  index 
26-27;  leg  length  index  79-82. 

Abdomen  length  3.75-5.60  mm;  abdomen 
width  2.30-4.10  mm;  abdomen  index  61- 
76;  dorsal  sclerite  length  0.55-0.95  mm; 
dorsal  sclerite  width  0.95-1.20  mm;  dorsal 
sclerite  index  124-206. 

Description.  Light  orange-brown  cara- 
pace with  some  black  and  white  plumose 
hairs.  Eyes  moderately  small,  equal,  and 
bordered  in  black.  Carapace  narrows  in 
head  region  (cephalic  width  index  57-60) 
and  is  smoothly  tnmcated  anteriorly. 
Tlioracic  groove  moderate. 

Abdomen  oval,  with  a  small,  anterior, 
orange  dorsal  sclerite  and  a  hair  pattern 
(many  hairs  rubbed  off)  of  white  hairs  at 
anterior  end  and  horizontal  bands  of  orange 
plumose  hair  surrounded  by  brown-black 
hairs,  with  a  large  band  (split  in  middle) 
just  anterior  to  middle,  followed  and  con- 
nected to  two  bands  (fused  in  middle) 
and  a  posterior,  longitudinal  bar.  Light 
yellow-brown  epigastric  sclerite.  First  pair 
of  abdominal  setae  very  thin,  second  pair 
thm. 

Sternum  yellow-brown  with  moderately 
dense,  thin  setae. 

Chelicerae  light  orange-browai,  with  two 
moderate  retromargin  teeth  and  two  pro- 
margin  teeth,  the  distal  longer  and  the 
proximal  smaller  than  the  retromargin  teeth. 
No  distinct  denticle  present. 

Coxae  all  light  yellow-brown.  Trochanter 
IV  notch  moderate. 

Femora  all  yellow.  Rest  of  legs  I  and  II 
light  yellow;  rest  of  legs  III  and  IV  light 
yellow-brown,  with  leg  IV  slightly  darker, 
especially  metatarsus  IV.  Legs  moderately 
hirsute.  Tibia  I  ventral  spination:  .3-2, 
long  and  strong. 

External  epigynum  with  two  small  circu- 
lar openings  (Fig.  93).  Internal  structure 
with  two  rounded,  sac-like  spermathecae 
with  wdde  posterior  necks  (Fig.  92). 

Diagnosis.    CasVmneira  wahinghami  dif- 


fers from  other  dcscripta  group  species  in 
its  distinctive  abdominal  pattern. 

Remarks.  This  is  closely  related  to  the 
preceding  two  species. 

Natural  history.  C.  tcalsinghami  is  found 
under  stones  in  coniferous  forest  (Worley, 
1932). 

Distribution.  Oregon  and  Washington 
(Map  5). 

Records.  Oregon.  Washington.  San  Juan 
Co. 

Castianeira  crucigera  (Hentz) 
Figures  62-65,  86,  87.   Map  5. 

HerpijUus   cniciger    Hentz,    1847,    Boston   J.    Nat. 

Hist.  Soc.  5:458,  pi.  24,  fig.  11,   9,  from  North 

Carolina;  lost. 
Castianeira  crucigera:    Chamberlin  and  Ivie,  1944, 

Bull.    Univ.    Utah   35(9)    Biol.    Ser.    8(5):  180, 

fig.  20   (Abbot  458),    6- 

MALE 

Measurements.  Based  on  3  males:  cara- 
pace length  3.10-3.20  mm;  carapace  width 
2.05-2.10  mm;  carapace  index  65-67;  ster- 
num length  1.40-1.45  mm;  sternum  width 
1.10-1.20  mm;  sternum  index  78-84. 

Femur  IV  length  2.45-2.60  mm;  femur 
IV  width  0.70-0.75  mm;  leg  thickness  index 
27-30;  leg  length  index  78-82. 

Abdomen  length  3.40-3.60  mm;  abdomen 
width  1.65-1.85  mm;  abdomen  index  48-52. 

Embolus  length  0.1.5-0.18  mm;  bulb 
length  0.99-1.03  mm;  male  genital  index 
15-18. 

Description.  Carapace  dark  red-brown, 
covered  with  dense,  short,  white  hairs. 
Carapace  moderately  narrow  in  head  region 
(cephalic  width  index  54-60)  and  smoothly 
but  distinctly  truncated  anteriorly.  Eyes 
small  and  approximately  equal.  Tlioracic 
groove  moderately  strong  and  short. 

Abdomen  oval,  with  four-fifths  full,  dark 
red-brown,  dorsal  sclerite  and  a  black  and 
white  hair  pattern — a  wide  longitudinal 
white  hair  band  narrowing  posteriorly,  with 
two  median  dark  spots  in  the  band,  one  a 
quarter  way  from  anterior  end  and  a 
smaller  one  halfway  back   (Fig.  86).    An 
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anterior  wliite  hair  spot  on  each  side  of 
abdomen.  Ventral  abdomen  with  a  wide, 
rectangular,  dark  red-lnown  sclerite  nar- 
rowing posteriorly  and  extending  about  two 
thirds  of  the  way  from  epigastric  furrow 
to  spinnerets.  No  inframammilliary  sclerite 
present.  Both  pairs  of  abdominal  setae  thin. 

Sternum  red-brown  and  co\'ered  with 
fairly  dense,  short,  \\'hite  hair,  as  well  as  the 
typical  long  setae.    Pedicel  short. 

Chelicerae  deep  red-brown,  with  two 
moderate  retromargin  teeth  (the  distal 
slightly  longer)  and  two  promargin  teeth — 
the  distal  somewhat  larger  and  the  proximal 
much  smaller  than  the  retromargin  teeth, 
with  a  very  small,  but  clear,  denticle  just 
distal  to  the  larger  promargin  tooth. 

Coxae  all  red-brown  but  lighter  at  distal 
tips.  Rest  of  legs  I  and  II  yellow-white; 
rest  of  leg  III  yellow-brown,  but  with 
longitudinal  stripes  of  brown  and  yellow 
on  patella-tibia,  and  tarsus  lighter;  rest  of 
leg  IV  red-brown,  with  patella-tibia  also 
striped  as  in  leg  III,  and  tarsus  yellow- 
brown.  Legs  quite  heavily  hirsute.  Tibia 
I  ventral  spination:    2-2,  moderately  small. 

Pedipalp  with  low  rounded  apophysis. 
Tarsus  with  a  globose  genital  bulb  drawni 
out  into  a  long  neck  with  a  straight,  mod- 
erately thin,  and  long  embolus  coming  to  a 
point  (Figs.  64,  65). 

FEMALE 

Mea-suremenfs.  Based  on  2  females: 
carapace  length  2.75-3.70  mm;  carapace 
width  L90-2.40  mm;  carapace  index  65- 
69;  stemum  length  L20-L60  mm;  sternum 
width  L().5-1.30  mm;  stemum  index  82-87. 

Femur  IV  length  2.30-2.85  mm;  femur 
I\'  \\  idth  0.6.5-0.85  mm;  leg  thickness  index 
28-30;  leg  length  index  77-85. 

Abdomen  length  3.30-4.30  mm;  abdomen 
width  L90-2.45  mm;  abdomen  index  57; 
dorsal  sclerite  width  0.9.5-L05  mm. 

Description.  Carapace  red-brown,  covered 
with  white  hairs,  longer  on  head.  Eyes 
fairly  small,  about  equal,  and  ocular  region 
black.    Carapace  narrower  in  head  region 


( cephalic  width  index  53-55 )  and  smoothly 
truncated  anteriorly.  Thoracic  groove  mod- 
erately strong  and  short. 

Abdomen  oval,  with  a  small,  red-brown, 
anterior  dorsal  sclerite  and  a  black  and 
white  hair  pattern — basically  a  complete, 
longitudinal,  median  white  hair  band  nar- 
rowing posteriorly  and  spreading  laterally 
in  three  bands,  two  at  anterior  end  and  one 
median,  and  two  dark  spots  within  the 
longitudinal  band,  a  large  one  anterior  to 
median  band,  and  one  at  the  level  of  the 
median  band  (Fig.  87).  Wide  white  hair 
bands  on  both  sides  of  abdomen.  Epigastric 
sclerite  red-brown.  Ventral  abdomen  with 
four  parallel,  beaded  stripes,  two  from  ends 
of  epigastric  furrow  and  two  more  median, 
continuing  posteriorly  to  spiracular  furrow. 
Both  pairs  of  abdominal  setae  very  thin. 

Sternum  red-brown,  with  long,  thin  setae 
and  shorter  hairlike  setae. 

Chelicerae  red-brouii,  with  two  moder- 
ate retromargin  teeth  (the  distal  slightly 
larger )  and  two  promargin  teeth — the  distal 
somewhat  larger  and  the  proximal  smaller 
than  the  retromargin  teeth,  with  a  small, 
but  clear,  denticle  just  distal  to  the  larger 
promargin  tooth. 

Coxae  all  light  yellow-brown.  Trochanter 
IV  notch  moderate. 

Femora  reddish  brown.  Rest  of  legs  I 
and  II  deep  yellow-brown;  rest  of  legs  III 
and  IV  red-brown,  lightening  at  distal  ends 
of  femora,  patellae,  and  tibiae.  Legs  quite 
heavily  hirsute,  with  black  and  white  hairs. 
Tibia  I  ventral  spination:  3-2,  moderately 
long  and  strong. 

External  epigynum  with  two  small,  round 
openings  widely  separated  (Fig.  63).  In- 
ternal structure  wdth  moderately  globose 
spermathecae  narrowing  somewhat  pos- 
teriorly (Fig.  62). 

Diagnosis.  Castianeira  crucigera  differs 
from  all  other  Castianeira  in  its  abdominal 
pattern. 

Remarks.  This  striking  species  is  redis- 
covered and  redescribed  here.  Chamberlin 
and  Ivie  ( 1944 )  note  the  illustration  of  this 
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species  by  Abbot  (1792,  No.  458),  but  the 
dark  spots  on  the  head  of  Abbot's  drawing 
are  not  present  in  the  species  or  in  Hentz's 
(1847)  more  accurate  drawing. 

Castianeira  crucigera  in  its  female  geni- 
taha  is  somewhat  intermediate  in  structure 
between  the  descripta  group  and  the 
longipalpits  group,  but  the  small  openings 
and  thick  spermathecal  necks  place  it  with 
the  former  group. 

Natural  history.  Castianeira  crucigera  is 
found  in  the  non-forest  maritime  com- 
munities of  North  Carolina  ( Barnes,  1953a, 
where  C.  vulnerca  is  actually  C.  crucigera) 
and  throughout  the  South.  Hentz  (1847) 
reported  that  this  species  moves  "with  great 
celerity,  and  hides  under  stones,  etc." 

Distribution.   Southeastern  U.S.  (Map  5). 

Records.  Arkan.sas.  Conway  Co.  Noifh 
Carolina.  Cartaret  Co.  Virginia.  Fairfax 
Co. 

Castianeira  vulnerea  Gertsch 

Figures  46-49,  81.   Map  5. 

Castianeira  vulnerea  Gertsch,  1942,  Amer.  Mus. 
Novit.  No.  1195:7,  figs.  22-23,  $,  $.  Male 
holotype  from  Coney  Island,  New  York;  in  the 
American  Museum  of  Natural  History,  ex- 
amined. 

MALE 

Measurements.  Based  on  one  male  holo- 
type: carapace  length  2.10  mm;  carapace 
width  1.50  mm;  carapace  index  72;  sternum 
length  0.95  mm;  sternum  width  0.85  mm; 
sternum  index  87. 

Femur  IV  length  1.80  mm;  femur  IV 
width  0.45  mm;  leg  thickness  index  25;  leg 
length  index  86. 

Abdomen  length  2.45  mm;  abdomen 
width  1.25  mm;  abdomen  index  51. 

Embolus  length  0.11  mm;  bulb  length 
0.77  mm;  male  genital  index  15. 

Description.  Carapace  deep  orange- 
brown  with  white  hairs.  Eyes  small,  about 
equal,  and  bordered  in  black.  Carapace 
narrower  in  head  region  (cephalic  width 
index  57)  and  smoothly  truncated  an- 
teriorly. Thoracic  groove  moderately  strong. 


Abdomen  elongated  oval  with  an  almost 
full,  orange  dorsal  sclerite  covered  with 
some  partially  rubbed  off  bands  of  white 
hair.  Sides  of  abdomen  with  three  white 
hair  spots  joined  into  a  lateral-ventral  white 
hair  stripe.  Ventral  abdomen  with  a  dark 
yellow  rectangular  sclerite  about  two-thirds 
of  the  way  from  epigastric  furrow  to 
spiracular  furrow.  No  inframammilliary 
sclerite  present.  Epigastric  sclerite  red- 
brown.  Anterior  abdominal  setae  thin, 
posterior  pair  stouter. 

Sternum  red-brown  with  sparse,  thin 
setae.    Pedicel  very  small. 

Chehcerae  deep  orange-brown,  with  two 
moderate  retromargin  teeth  (the  distal 
slightly  longer)  and  two  promargin  teeth, 
the  distal  one  larger  and  the  proximal  one 
slightly  smaller  than  the  retromargin  teeth; 
a  very  small  denticle  just  distal  and  median 
to  the  distal  promargin  tooth. 

Coxae  all  light  yellow-brown.  Trochanter 
IV  notch  moderate. 

Femora  red-brown;  rest  of  legs  I  and  II 
deep  yellow;  rest  of  leg  III  orange-brown; 
rest  of  leg  IV  red-brown,  slightly  lighter  at 
the  distal  ends  of  the  patella  and  tibia. 
Legs  moderately  hirsute.  Tibia  I  ventral 
spination:  2-2,  moderate,  proximal  retro- 
lateral  spine  smaller. 

Pedipalp  with  a  small,  blunt,  tibial 
apophysis.  Tarsus  with  a  globose  genital 
bulb  drawn  out  into  a  long  neck  with  a 
fairly  short,  straight,  and  fairly  thin  embolus 
(Figs.  48,  49). 

FEMALE 

Measurements.  Based  on  one  female 
(paratype):  carapace  length  2.60  mm; 
carapace  width  1.80  mm;  carapace  index 
69;  sternum  length  1.20  mm;  sternum  width 
1.05  mm;  sternum  index  89. 

Femur  IV  length  2.20  mm;  femur  IV 
width  0.60  mm;  leg  thickness  index  28; 
leg  length  index  85. 

Abdomen  length  3.25  mm;  abdomen 
width  2.05  mm;  abdomen  index  62;  dorsal 
sclerite  width  0.80  mm. 
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Description.  Carapace  orange-brown, 
\\ith  white  hairs.  Eyes  small,  al)out  equal, 
and  bordered  in  black.  Carapace  narro\\'er 
in  head  region  (cephalic  width  index  55) 
and  smoothly  truncated  anteriorly.  Thoracic 
groove  moderately  strong. 

Abdomen  oval,  with  a  small  orange- 
brown  sclerite  and  a  white  and  Ijrown- 
black  dorsal  hair  pattern — three  horizontal 
white  hair  bands  along  median  Hne,  first 
and  second  joined  at  median,  and  not  con- 
tinuing to  sides,  then  a  complete  horizontal 
band  of  white  hairs,  followed  by  a  longitu- 
dinal band  of  white  hairs  (not  continuous 
anteriorly)  to  the  spinnerets  (Fig.  81). 
Abdomen  with  a  white  hair  stripe  and  three 
spots  along  its  dorsal  side.  Ventrum  with 
brown  hairs.  No  inframammilliary  sclerite. 
Anterior  abdominal  setae  hairlike,  posterior 
pair  very  thin. 

Sternum  orange-brown,  with  long,  thin 
setae.  Pedicel  very  small. 

Chelicerae  orange,  with  two  moderate 
retromargin  teeth  (the  distal  slightly  longer) 
and  two  promargin  teeth,  the  distal  one 
larger  and  the  proximal  one  sHghtly  smaller 
than  the  retromargin  teeth;  a  very  small 
denticle  just  distal  and  median  to  the  distal 
promargin  tooth. 

Coxae  all  light  >'ellow.  Trochanter  IV 
notch    moderate. 

Femora  light  red-brown;  rest  of  legs  I 
and  II  dark  yellow;  of  leg  III  yellow-brown; 
leg  IV  light  red-brown,  Hghter  at  distal 
ends  of  patella  and  tibia.  Legs  moderately 
hirsute.  Tibia  I  ventral  spination:  3-2, 
moderate,  proximal  prolateral  spine  much 
smaller. 

External  epigynum  with  two  fairly  small, 
round  openings  (Fig.  46).  Internal  struc- 
ture with  rounded  spermathecae  and  nar- 
rowed, slightly  folded  necks  (Fig.  47). 

Diagnosis.  Castianeim  vidnerea  differs 
from  other  longipalpiis  group  species  in  its 
abdominal  pattern  and  internal  epigynum; 
the  spermathecal  necks  are  fairly  thick  and 
turned  inward  (Fig.  47). 

Remarks.    This  species  is  closely  related 


to  Castianeira  crucigera,  the  genitalia  very 
similar  in  both  the  males  (Figs.  48,  64) 
and  the  females  (Figs.  47,  62).  Tlie  ab- 
dominal patterns  are  quite  different,  but 
the  scarcity  of  available  C.  vidnerea  pre- 
vents a  study  of  the  possible  north  to  south 
variation.  Tlie  female  genitalia  of  C. 
vidnerea  more  closely  resemble  those  of  C. 
dcscripta  than  do  those  of  C.  crucigera. 

Natural  Jusiory.  Nothing  is  known  of  the 
habits  of  this  species. 

Distribution.    New  York  (Map  5). 

Records.  New  Jersey.  Essex  Co.  New 
York.   Kings  Co. 

The  gertschi  Group 

Castianeira  gerfschi  Kaston 

Figures  104-107,  120.    Map  7a. 

Castianeira  aurata:  Emerton,  1913,  Bull.  Amer. 
Mus.  Nat.  Hist.  32:258,  pi.  48,  figs.  8-8b,  S,  9. 
(  Not  HerpyUus?  auratus  Hentz. ) 

Castianeira  gertschi  Kaston,  1945,  Amer.  Mus. 
Novit.  No.  1290:6,  figs.  27-29,  i,  9.  Male 
holotype  from  Indian  Neck,  Connecticut;  in  the 
American  Museum  of  Natural  History,  examined. 

MALE 

Measurements.  Based  on  holotype  and 
6  males,  holotype  listed  first,  range  of  all 
follows:  carapace  length  2.50  mm,  2.00- 
2.50  mm;  carapace  width  1.60  mm,  1.20- 
1.60  mm;  carapace  index  64,  61-64;  ster- 
num length  1.20  mm,  0.95-1.20  mm;  sternum 
width  0.75  mm,  0.70-0.85  mm;  sternum 
index  62,  62-77. 

Femur  IV  length  2.05  mm,  1.65-2.15 
mm;  femur  IV  width  0.50  mm,  0.35-0.50 
mm;  leg  thickness  index  23,  21-23;  leg 
length  index  83,  82^90. 

Abdomen  length  2.75  mm,  2.15-2.75  mm; 
abdomen  width  1.20  mm,  1.00-1.20  mm; 
abdomen  index  44,  39-47. 

Embolus  length  0.11  mm,  0.10-0.11  mm; 
bulb  length  0.86  mm,  0.75-0.86  mm;  male 
genital  index  13,  12-13. 

Description.  Carapace  yellow-orange  and 
hairless.  Eyes  fairly  small,  equal,  and 
bordered  in  black.  Carapace  narrow  in 
head  region  (cephalic  width  index  50-55) 
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and  smoothly  truncated  anteriorly.  Thoracic 
groove  moderate. 

Abdomen  an  elongated  oval,  with  a  com- 
plete dorsal  sclerite  yellow  at  anterior  end 
and  gradually  darkening  to  a  dark  brown 
at  posterior  end  and  crossed  by  three 
lighter  bands  ( reinforced  with  white  hairs ) , 
the  most  posterior  being  median  and  spHt 
in  the  middle  (Fig.  120).  Light  red-brown 
epigastric  sclerite.  Elongated,  rectangular, 
yellow  ventral  sclerite  from  epigastric  fur- 
row to  a  small  inframammilliary  sclerite. 
Anterior  abdominal  setae  very  thin,  pos- 
terior pair  considerably  stouter. 

Sternum  yellow,  with  very  sparse,  thin 
setae.    Pedicel  very  small. 

Chelicerae  dark  yellow,  with  two  moder- 
ate retromargin  teeth  and  two  promargin 
teeth,  the  distal  one  much  larger  and  the 
proximal  one  smaller  than  the  retromargin 
teeth;  with  a  small  but  clear  denticle  just 
distal  and  medial  to  the  larger  promargin 
tooth. 

Coxae  deep  yellow.  Trochanter  IV  notch 
moderate. 

Femora  all  yellow-orange.  Rest  of  legs 
I  and  II  light  yellow;  of  leg  III  deep  yellow; 
leg  IV  patella  yellow-orange,  tibia  red- 
brown,  metatarsus  darker  red-brown,  tarsus 
orange-brown.  Legs  moderately  hirsute. 
Tibia  I  ventral  spination:    2-2. 

Pedipalp  with  moderate,  pointed,  tibial 
apophysis.  Tarsus  with  a  globose  genital 
bulb  drawn  out  into  a  long  neck  with  a 
short,  fairly  thin  embolus  with  a  clear  twist 
at  the  tip '(Figs.  106,  107). 

FEMALE 

Meastirements.  Based  on  5  females: 
carapace  length  2.35-2.85  mm;  carapace 
width  1.40-1.80  mm;  carapace  index  59- 
63;  sternum  length  1.05-1.30  mm;  sternum 
width  0.80-0.95  mm;  sternum  index  68-76. 

Femur  IV  length  2.05-2.25  mm;  femur 
IV  width  0.40-0.60  mm;  leg  thickness  index 
20-26;  leg  length  index  83-88. 

Abdomen  length  2.80-3.85  mm;  abdomen 
width   1.15-2.50  mm;   abdomen  index  41- 


68;  dorsal  sclerite  length  0.55-0.65  mm; 
dorsal  sclerite  width  0.55-0.70  mm;  dorsal 
sclerite  index  85-117. 

Description.  Carapace  deep  yellow- 
orange  and  hairless.  Eyes  fairly  small, 
equal,  and  bordered  in  black.  Carapace 
narrow  in  head  region  (cephalic  width 
index  55-60)  and  smoothly  truncated  an- 
teriorly. Thoracic  groove  moderately 
strong. 

Abdomen  oval  with  a  moderately  small, 
yellow,  anterior  dorsal  sclerite;  abdomen 
darkening  to  dark  brown  at  posterior  end. 
Epigastric  sclerite  yellow-orange.  Anterior 
abdominal  setae  long  and  very  thin;  pos- 
terior pair  shorter  and  stouter.  (Vague 
horizontal  stripes  on  abdomen.) 

Sternum  yellow,  with  very  sparse,  long, 
thin  setae. 

Chelicerae  dark  yellow,  with  two  moder- 
ate retromargin  teeth  and  two  promargin 
teeth,  the  distal  one  much  larger  and  the 
proximal  one  smaller  than  the  retromargin 
teeth;  with  a  small  but  clear  denticle  just 
distal  and  medial  to  the  larger  promargin 
tooth. 

Coxae  all  deep  yellow.  Trochanter  IV 
notch  moderate. 

Femora  I  and  II  deep  yellow,  rest  of  legs 
I  and  II  light  yellow.  Femur  and  patella- 
tibia  III  deep  yellow,  rest  of  leg  III  yellow- 
brown;  femur  and  patella-tibia  IV  yellow- 
orange  (darkening  to  red-brown  at  distal 
end  of  tibia),  metatarsus  and  tarsus  deep 
red-brown.  Legs  moderately  hirsute.  Tibia 
I  ventral  spination:    2-2,  strong. 

External  epigynum  with  two  flared  open- 
ings (Fig.  105).  Internal  structure  with 
globose  spermathecae  having  narrow  pos- 
terior necks   (Fig.  104). 

Diagno.sis.  This  moderately  small  spider 
differs  from  other  Castianeira  in  its  ab- 
domen, which  darkens  posteriorly  from 
yellow  to  dark  brown,  often  having  three 
horizontal  stripes  (Fig.  120).  Genitalic  dif- 
ferences distinguish  it  from  the  larger 
Ca.stianeira  trilincato. 

Remarks.     Castianeira    geHschi    is    the 
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MAP    7a 
Castiancira    gertschi 


MAP    7b 
A  Castianeira   trilineata 


name  given  to  a  species  previously  known 
as  Castianeira  aurata  (Hentz)  (e.  g.  de- 
scribed by  Emerton  in  1913).  Kaston 
( 1945)  noted  that  HerpyUus  auratiis  Hentz, 
on  which  the  old  name  was  based,  was 
actually  a  Micaria;  therefore  a  new  name 
was  in  order. 

Natural  history.  Nothing  is  known  of 
the  habits  of  this  species. 

Distribution.  Southern  New  England  to 
the  southeastern  U.S.  (Map  7a). 

The  trilineata  Group 

Castianeira  trilineafa  (Hentz) 
Figures  108-110,  119.    Map  7b. 

HerpyUus  trilineatus  Hentz,  1847,  Boston  J.  Nat. 

Hist.    Soc.    5:460,    pi.    24,    fig.    18,     9,    from 

Alabama;   lost. 
Thargalia  trilineata:    Marx,   1889,  Proc.  U.S.   Nat. 

Mus.    12:514. 
Castianeira  trilineata:    Banks,  1910,  Bull.  U.S.  Nat. 

Mus.  72:11. 
Castianeira    stupkai    Barrows,    1940,    J.    Ohio    Sci. 

40(3):137,    figs.    10,    10b,    10c,     6,    9.     Male 


holotype  from  Gatlinburg,  Tennessee;  in  the 
Ohio  State  University  Museum,  examined.  NEW 
SYNONYMY. 
Castianeira  trilineata:  Kaston,  1948,  Connecticut 
Geol.  and  Nat.  Hist.  Surv.  Bull.  70:397,  figs. 
1423,  2123,    5,    9. 

MALE 

Measurements.  Based  on  10  males: 
carapace  length  2.50-3.05  mm;  carapace 
width  1.50-1.85  mm;  carapace  index  59- 
62;  sternum  length  1.10-1.40  mm;  sternum 
width  0.80-1.05  mm;  sternum  index  73-81. 

Femur  IV  length  1.90-2.55  mm;  femur  IV 
width  0.35-0.50  mm;  leg  thickness  index 
18-22;  leg  length  index  75-89. 

Abdomen  length  2.75-3.50  mm;  abdomen 
width  1.20-1.75  mm;  abdomen  index  44- 
55. 

Bulb  length  0.95-1.10  mm. 

Description.  Carapace  orange-brown  and 
hairless.  Eyes  moderate  and  equal.  Cara- 
pace  narrower   in   head   region    (cephalic 


220        Bulletin  Museum  of  Comparative  Zoology,  Vol.  138,  No.  5 


width  index  48-53)  and  rounded  anteriorly. 
Thoracic  groove  fairly  weak. 

Abdomen  a  slightly  pear-shaped  oval, 
widening  posteriorly  and  covered  by  a  fvill, 
red-brown  dorsal  sclerite  with  a  thin  hori- 
zontal light  yellow  band  across  midline  and 
some  horizontal  yellow-brown  abbreviated 
stripes  at  anterior  end  (Fig.  119).  Epigastric 
sclerite  red-brown.  Rectangular,  red-brown 
ventral  sclerite  from  epigastric  furrow  to  a 
small  brown  inframammilliary  sclerite. 
First  pair  of  abdominal  setae  long  and  hair- 
like, second  pair  stout  and  moderately 
thick. 

Sternum  orange-brown,  with  very  sparse, 
thin  setae.   Pedicel  small. 

Chelicerae  light  orange-brown,  with  two 
moderately  small  retromargin  teeth  and  two 
promargin  teeth,  the  distal  one  larger  and 
the  proximal  one  smaller  than  the  retro- 
margin  teeth;  with  a  minute  denticle  just 
medial  and  distal  to  the  larger  promargin 
tooth. 

Coxa  I  brown,  coxae  II-IV  yellow-white. 
Trochanter  IV  notch  moderate. 

Femora  I  red-brown,  II  and  III  striped 
with  red-brown  lateral  sides  and  \ellow 
dorsal  and  ventral  sides,  and  IV  with  red- 
brown  lateral  sides,  and  a  medial  dorsal 
stripe;  rest  of  I  and  II  yellow-white  with 
distal  ends  of  metatarsi  brown;  rest  of  III 
yellow  with  patella-tibia  and  metatarsus 
striped  like  femur;  rest  of  IV  with  striped 
patella-tibia,  brown  metatarsus,  and  yellow- 
tarsus.  Legs  lightly  hirsute.  Tibia  I  ventral 
spination:    3-2,  small. 

Pedipalp  with  a  small  tibial  apophysis. 
Tarsus  wdth  a  globose  genital  bulb  drawn 
into  a  short  neck  with  a  complex  twisted 
embolus    and    conductor   end    (Fig.    110). 

The  basal  portion  of  the  lateral  side  of  the 
cymbium  bears  a  heavy  spine. 

FEMALE 

Measurements.  Based  on  10  females: 
carapace  length  2.70-3.65  mm;  carapace 
width  1.6.5-2.40  mm;  carapace  index  59-64; 
sternum    length    1.20-1.65    mm;    sternum 


width  0.9.5-1.30  mm;  sternum  index  77-82. 
Femur  IV  length  2.20-3.25  mm;   femur 
IV  width  0.40-0.65  mm;  leg  thickness  index 
14-23;  leg  length  index  80-92. 

Abdomen  length  3.20-4.50  mm;  abdomen 
width  1.9,5-3.05  mm;  abdomen  index  54- 
70;  dorsal  sclerite  length  0.70-1.10  mm; 
dorsal  sclerite  width  0.7.5-0.95  mm;  dorsal 
sclerite  index  88-138. 

Description.  Carapace  light  yellowish- 
brown  (head  region  slightly  darker)  and 
hairless.  Eyes  moderate,  bordered  in  black, 
and  equal.  Carapace  narrower  in  head 
region  (cephalic  width  index  54-58)  and 
smoothly  truncated  anteriorly.  Thoracic 
groove  fairly  weak. 

Abdomen  oval,  with  a  moderate,  brown 
dorsal  sclerite,  dark  black-browm  with  three 
thin  horizontal  bands — two  thin  yellow- 
white  bands,  one  through  the  sclerite,  one 
at  middle  of  abdomen,  and  one  wider,  dark 
yellow-brown  band  near  the  posterior  end. 
Epigastric  sclerite  Hght  browqi  on  sides, 
cream  colored  along  midline.  Ventrum 
dark  brown  with  four  longitudinal,  light, 
beaded  stripes  from  epigastric  furrow  to  a 
moderately  small,  brown  inframammilliary 
sclerite.  First  pair  of  abdominal  setae  hair- 
like, second  pair  thin. 

Sternum  yellow-white  with  sparse,  thin 
setae.    Pedicel  very  small. 

Chelicerae  light  yellow-brown,  with  two 
moderately  small  retromargin  teeth  (the 
distal  one  slightly  larger)  and  t\vo  pro- 
margin  teeth,  the  distal  one  larger  and  the 
proximal  one  smaller  than  the  retromargin 
teeth;  with  a  minute  denticle  just  medial 
and  distal  to  the  larger  promargin  tooth. 

Coxae  all  light  yellow.  Trochanter  IV 
notch  very  shallow. 

Femora  I  and  II  with  brown  lateral  sides, 
femora  III  and  IV  with  very  light  brown 
lateral  sides;  rest  of  legs  I  and  II  yellow- 
white,  of  leg  III  light  yellow,  of  leg  IV 
yellow,  with  darker  tibia  and  metatarsus. 
Tibia  I  ventral  spination:  3-3,  moderate 
spines.   Legs  lightly  hirsute. 
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External  epigyum  with  two  \\  ide,  flared 
openings  (Fig.  109).  Internally  with 
rounded  spermathceae  and  narrow,  sliglitl)' 
sinuous  posterior  necks  (Fig.  108). 

Didiinosis.  The  males  of  Castkineim 
trilineatd  differ  from  all  other  Castianeira 
in  their  short,  twisted  embolus  (Fig.  110). 
The  females  have  a  hairless  carapace,  flared 
epigynal  openings,  and  a  distinctive  ab- 
dominal pattern  of  tliree  horizontal  light 
bands. 

Remarks.  There  is  a  great  deal  of  color 
variation  in  C.  trilineata,  with  a  very  dark 
brown  form  occurring  in  the  middle  of 
Florida  and  a  yellow  to  orange  form  oc- 
curing  elsewhere  (northern  Florida,  Mis- 
souri, Illinois,  etc.). 

Natural  history.  Castianeira  trilineata  is 
found  in  sandy  places,  mider  dead  leaves 
on  Long  Island  (Banks,  1895),  in  non- 
forest  maritime  communities  of  North  Caro- 
lina (Barnes,  1953b),  on  the  ground 
stratum  of  river-terrace  forest  of  western 
Tennessee  (Gibson,  1947),  in  black  oak 
forest  in  the  Chicago  area  dunes  (Lowrie, 
1948,  Fitch,  1963),  and  in  an  Andropogon 
field  of  eastern  Tennessee  (Barrows,  1940). 

Gibson  ( 1947 )  reports  this  species  hatch- 
ing in  middle  August  and  maturing  in  late 
July,  the  spiders  over\\'intering  in  the  egg 
case  as  eggs  or  very  young.  Fitch  (1963) 
notes  that  "in  size,  coloration  and  behavior 
it  resembles  the  carpenter  ant,  Camponotiis 
casfaneus,  which  is  common  in  the  same 
habitat."  One  specimen  was  collected  with 
a  worker  of  Formica  paUidcjulva  in  Mis- 
soiu-i. 

Distribution.   Eastern  U.S.  (Map  7b). 

The  ciycuLATA  Group 

Castianeira  cinguiata   (C.   L.  Koch) 

Frontispiece.    Figures  100-103,  116-118. 
Map  7c. 

Corinna  cinguiata  C.  L.  Koch,  1842,  Die  Arachniden 
9:22,  fig.  706,    $,  from  Pennsylvania;  lost. 

Herpyllm  zonarius  Hentz,  1847,  Boston  J.  Nat. 
Hist.  Soc.  5:460,  pi.  24,  fig.  17,  $,  from  Ala- 
bama; lost. 


Sparassus  cinguiata:  Walckenaer,  1847,  Histoire 
Naturelle  des  Insectes  Apteres  4:562. 

Thargalia  cinguiata:  Karsch,  1880,  Z.  Ges.  Nat. 
53:376.  Marx,  1889,  Proc.  U.S.  Nat.  Mus.  12: 
513.  Marx,  1892,  Proc.  Entomol.  Soc.  Washing- 
ton 2(2):  155. 

Liocranuni  zonurium:  Marx,  1883,  Araneina,  in 
Howard,  L.  O.,  A  List  of  the  Invertebrate  Fauna 
of  South  Carolina,  Charleston,  p.  23. 

Castianeira  bivittata  Keyserling,  1887,  Verhandl. 
Zool.  Bot.  Ges.  Wien  37:442,  pi.  6,  fig.  16,  9, 
from  Cambridge,  Massachusetts;  in  the  Museum 
of  Comparative  Zoology,   examined. 

Gcotrccha  bivittata:  Emerton,  1889,  Trans.  Con- 
necticut Acad.  Sci.  8(9):169,  pi.  3,  fig.  .3,  c5 , 
? .  Emerton,  1902,  The  Common  Spiders  of 
the  United  States,  Boston,  p.  8,  fig.  23-24. 

Thargalia  zonaria:  Marx,  1889,  Proc.  U.S.  Nat. 
Mus.   12:514. 

Thargalia  bivittata:  Marx,  1889,  Proc.  U.S.  Nat. 
Mus.   12:513. 

Castaneira  cinguiata:  Simon,  1897,  Histoire 
Naturelle  des  Araignees,  II,  fasc.  1:172.  Petiim- 
kevitch,  1911,  Bull.  Amer.  Mus.  Nat.  Hist.  29: 
452. 

Thargalia  canadensis  Banks,  1897,  Canadian 
Entomol.  29:194,  9,  from  Ottawa,  Canada;  in 
the  Museum  of  Comparati\e  Zoology,  examined. 
(First  synonymized  by  Emerton,  1920,  Trans. 
Roy.  Canadian  Inst.  12:332  as  Micaria  cinguiata.) 

Castianeira  cinguiata:  Banks,  1910,  Catalogue  of 
Nearctic  Spiders,  Bull.  U.S.  Nat.  Mus.  72:11 
{=  bivittata  —zonaraia).  Chickering,  1939, 
Pap.  Michigan  Acad.  Sci.  24(2):57,  figs.  17-19, 
$ ,  5 .  Kaston,  1948,  Connecticut  Geol,  and 
Nat.  Hist.  Surv.  Bull.  70:394,  figs.  1401,  1408, 
1424-1425,  c5 ,  9  . 

MALE 

Measurements.  Based  on  10  males:  cara- 
pace length  2.80-3.40  mm;  carapace  width 
1.70-2.05  mm;  carapace  index  59-63;  ster- 
num length  1.15-1.45  mm;  sternum  width 
0.95-1.10  mm;  sternum  index  75-81. 

Femur  IV  length  1.95-2.60  mm;  femur 
IV  width  0.45-0.60  mm;  leg  tliickness  index 
22^25;  leg  length  index  67-81. 

Embolus  length  0.22-0.26  mm;  bulb 
length  1.. 30-1. 57  mm;  male  genital  index 
16-18. 

Description.  Carapace  rounded  anteriorly 
(Fig.  116)  (cephalic  width  index  48-49) 
and  very  dark  maroon,  with  fairly  long, 
simple,  white  hairs  on  cephalic  region  and 
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some  light  hairs  covering  triangle  made  b\- 
posterior  trmieation  of  carapace  and  tho- 
racic groove.  Eyes  moderately  small  and 
equal.    Thoracic  groove  moderate. 

Abdomen  oval,  widening  posteriorly,  and 
covered  with  a  dark  maroon  dorsal  sclerite 
and  two  narrow,  horizontal,  lighter  pig- 
mented stripes,  the  anterior  one  at  one 
fourth  and  the  posterior  one  at  one  half  the 
length  of  the  abdomen  (Fig.  117).  Both 
bands  reinforced  by  long,  simple,  white 
hairs.  Rest  of  abdomen  covered  by  dark 
hairs.  Epigastric  sclerite  red-brown.  Ven- 
tral sclerite  rectangular  and  red-brown, 
running  from  epigastric  furrow  posteriorly 
and  ending  in  semicircle  around  an  orange- 
brown  inframammilliary  sclerite.  Anterior 
pair  of  dorsal  abdominal  setae  long  and 
very  thin,  posterior  pair  shorter  and  stouter. 

Sternum  red-brown,  \\'ith  sparse,  very 
long  setae.    Pedicel  short. 

Chelicerae  red-brown,  with  two  moder- 
ate retromargin  teeth  and  two  promargin 
teeth,  the  distal  one  larger  and  the  proximal 
one  smaller  than  the  retromargin  teeth.  A 
very  small  denticle  distal  and  medial  to 
larger  promargin  tooth. 

Coxa  I  light  brown,  coxae  II,  III,  and  IV 
yellow-white.  Trochanter  IV  with  a  shallow 
notch. 

Femora  of  all  legs  striped — ^both  lateral 
sides  and  dorsal  stripe  dark  brown,  rest  of 
femora  dark  yellow  or  orange.  The  re- 
sulting light  stripes  reinforced  with  white 
hairs  on  femora  II,  III,  and  IV.  Tibiae  III 
and  IV  similarly  striped,  and  sides  of 
patellae  III  and  IV  dark  brown;  metatarsus 
IV  dark  brown;  rest  of  legs  I  and  II  yello\\- 
white,  of  leg  III  dark  yellow,  of  leg  IV 
orange.  Legs  lightly  hirsute  with  moderate 
spination.  Tibia  I  ventral  spination:  ^2, 
small. 

Pedipalp  with  a  negligible  tibial  apo- 
physis. Tarsus  with  globose  genital  bulb 
drawn  out  into  long  neck  with  a  club- 
shaped  sclerotized  embolus  having  a  very 
strongly  spiraled  tip  (Figs.  102,  103). 


FEMALE 

Measurements.  Based  on  11  females: 
carapace  length  3.10-3.75  mm;  carapace 
width  2.00-2.40  mm;  carapace  index  62-65; 
sternum  length  1.40-1.65  mm;  sternum 
width  1.10-1.30  mm;  sternum  index  74-80. 

Femur  IV  length  2.40-2.95  mm;  femur 
IV  width  0.60-0.70  mm;  leg  thickness  index 
23-25;  leg  length  index  75-83. 

Description.  Carapace  maroon,  with 
sparse  white  hairs  in  cephalic  region.  Cara- 
pace narrow  in  head  region  (cephalic 
width  index  54-60)  and  smoothly  truncated 
anteriorly.  Ocular  region  darker.  Eyes 
moderate  and  equal.  Thoracic  groove  mod- 
erate. 

Abdomen  rounded  oval,  with  a  small, 
red-brown  dorsal  sclerite;  two  thin,  light 
pigmented,  horizontal  bands,  one  crossing 
the  dorsal  sclerite,  the  other  about  one 
fourth  abdominal  length  from  anterior  end. 
White  hairs  reinforce  pigment  bands  and 
dark  hairs  cover  grey  basal  color  of  rest  of 
abdomen  (Fig.  115).  Epigastric  sclerite 
red-brown.  Two  light  pigmented  lines  of 
beaded  stripes  running  parallel  from  sides 
of  epigastric  furrow  to  area  on  sides  of 
posterior  spiracular  furrow.  Anterior  pair 
of  dorsal  abdominal  setae  long  and  hairlike, 
posterior  pair  shorter  and  fairly  thick 
(arising  from  the  dorsal  scutum). 

Sternum  red-brown,  shield-shaped,  with 
long,  thin  setae.    Pedicel  fairly  short. 

Chelicerae  dark  brown,  with  t^vo  mod- 
erately large  retromargin  teeth  and  two 
promargin  teeth,  the  distal  one  larger  and 
the  proximal  one  smaller  than  the  retro- 
margin teeth.  A  very  small  denticle  distal 
and  medial  to  the  larger  promargin  tooth. 

Coxa  I  brown,  coxae  II  and  III  yellow, 
and  coxa  IV  dark  yellow.  Trochanter  IV 
with  shallow  notch. 

Femora  of  all  legs  striped — both  lateral 
sides  and  dorsal  stripes  dark  brown,  rest  of 
femora  vellow.  Resulting  dorsal  vellow 
stripes  reinforced  with  white  hairs  on 
femora  III  and  IV.   Tibiae  III  and  IV  simi- 
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larly  striped  (the  former  weakly);  meta- 
tarsus I\'  dark  brown;  rest  of  legs  I  and  II 
\  ellow,  rest  of  leg  III  orange,  and  of  leg  IV 
orange-bro\\'n.  Legs  lighth-  hirsute,  with 
moderate  spination.  Tibia  I  ventral  spina- 
tion:    3-2,  moderateh-  thin  and  long. 

External  epigynum  with  wideh'  flared 
openings  (Fig.  101).  Internal  structure 
with  a  pair  of  saclike,  rectangular,  heavily 
sclerotized,  and  heavily  reticulated  sper- 
mathecae   (Fig.  100). 

Diagnosis.  Castianeira  cingulafa  differs 
from  all  other  Castianeira  in  its  distinct 
genitalia,  abdomen  with  two  thin  horizontal 
bands,  and  strongly  striped  legs. 

Remarks.  A  form  of  C.  cingukita  with  a 
bicolored  carapace  ( a  dark  brown  cephalic 
region  and  an  orange  or  yellow  thoracic 
region)  is  found  in  northern  Wisconsin, 
Minnesota,  South  Dakota,  and  Ontario  (see 
Map  7c).  Both  forms  occur  together  in 
Minnesota,  and  near  one  another  in  South 
Dakota.  These  two  phenotypes  ma\'  repre- 
sent another  example  of  genetic  polymor- 
phism in  spiders. 

Natural  history.  Castianeira  cingidata  is 
found  in  forest  litter,  beneath  logs  and 
stones  and  among  leaves  on  the  ground  in 
Michigan  (Chickering,  1939),  under  sand- 
stone, under  elm  logs,  in  elm  shrubbery  in 
the  prairies  and  forests  of  eastern  Nebraska 
(Worley  and  Pickwell,  1931),  in  ground 
stratum  of  elm-maple  forest  in  Ilhnois 
(Weese,  1924),  in  black  oak  and  beech 
maple  forest  of  the  Chicago  area  dunes 
(Lowrie,  1948),  on  the  ground  among  leaf 
mold  in  Ontario  (Kurata,  1939),  and  in 
oak-hickorv'  woodland  in  Kansas  ( Fitch, 
1963). 

C.  cingulata  hibernates  in  immature  or 
adult  form  (Elliot,  1930),  and  adult  fe- 
males have  been  collected  in  eastern  Mas- 
sachusetts in  December.  Jones  ( 1941 )  ob- 
served mature  and  immature  specimens  in 
the  winter  and  one  hibernating  in  an  empty 
acorn  shell.  Kaston  ( 194S )  reports  finding 
females  in  winter,  spring,  and  summer,  but 
males  only  in  July  and  August. 


Of  four  egg  cases  collected  by  Kaston 
(1948),  one  had  22  eggs,  two  had  24  eggs 
each,  and  one  had  30  eggs. 

Montgomery  (1903)  described  the  con- 
struction of  the  egg  case,  noting  that  after 
finishing  the  spinning,  the  spider  "covered 
the  surface  .  .  .  with  small  particles  of 
dirt." 

Truman  (1942)  reported  C.  cingulata 
running  at  night  "in  company  with  the  large 
carpenter  ants,  which  it  closelx'  resembles 
both  in  appearance  and  in  action." 

Distribution.  Eastern  and  midwestern 
U.S.  and  Canada   (Map  7c). 

The  duces  1 1  Group 

Characteristics.  Moderately  small  (male 
carapace  length  1.60-2.15  mm;  female  cara- 
pace length  1.90-2.85  mm),  with  a  cara- 
pace index  61-69.  Whole  body  almost  hair- 
less, with  some  light  hairs  on  abdomen. 
Spennathecae  with  globose  anterior  ends 
and  moderately  thin  posterior  crooked 
necks.  External  epigynum  with  flared  open- 
ings. Leg  thickness  index  18-26.  Eyes 
approximately  equal. 

Reinarks.  This  group  is  restricted  to  the 
drv  regions  in  southwestern  U.S.  and  north- 
western  Mexico  and  is  characterized  by  its 
hairlessness  and  distinctive  male  genitalia. 

Castianeira  dugesii  (Becker) 
Figures  127,  128.    Map  8. 

Micariaukix     dugesii     Becker,     1879,     Ann.     Soc. 

Entomol.  Belgium,  22:83,  pi.  2,  fig.  9,   10,    S, 

from     Guanajuato,     Mexico;     in     the     Brussels 

Museum,  examined. 
Castaneira   dugesii:     Simon,    1897,    Histoire    Xat- 

urelle  des  Araignees  2(1):167. 
Castianeira  dugesii:    F.  P. -Cambridge,  1899,  Biol. 

Centrali- Americana    Arachnida    2:81. 

MALE 

Measurements.  Based  on  one  male  holo- 
type:  carapace  length  2.05  mm;  carapace 
width  1.30  mm;  carapace  index  63;  sternum 
length  0.95  mm;  sternum  width  0.75  mm; 
sternum  index  77. 

Femur   IV   length    1.40   mm;    femur    IV 
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MAP    7c 
O  Castianeira  cingulata 
•  C.  cingulata  -  bicolored  form 


width   0.35   mm;    leg   thickness   index   25; 
leg  length  index  69. 

Abdomen  length  2.60  mm;  abdomen 
width  1.15  mm;  abdomen  index  45. 

Embolus  length  0.07  mm;  bulb  length 
0.65  mm;  male  genital  index  10. 

Description.  Carapace  orange-brown  and 
hairless,  with  anterior  part  of  head  region 
dark  brown  and  dark  streaking  from 
thoracic  groove  outwards.  Carapace  mod- 
erately narrow  in  head  region  (cephaHc 
width  index  58)  and  smoothly  truncated 
anteriorly.  Eyes  equal.  Thoracic  groove 
moderate. 

Abdomen  oval,  with  a  full,  dark  red- 
brown  dorsal  sclerite,  granulose  at  anterior 
end  and  gradually  becoming  smooth  and 
shiny  posteriorly.  Rectangular  red-brown 
sclerite  on  ventral  abdomen.  Both  pairs  of 
abdominal  setae  hairlike. 

Sternum  dark  yellow  with  light,  thin 
setae. 


Chelicerae  dark  brown  (like  anterior 
part  of  carapace).  Cheliceral  teeth  un- 
examined but  probably  similar  to  C. 
nancUo. 

Coxae  all  dark  yellow.  Trochanter  IV 
notch  moderate. 

Femur  I  dark  brown;  rest  of  leg  I  and  all 
of  leg  II  light  yellow;  leg  III  yellow;  leg 
IV  dark  yellow,  with  femur  and  tibia  yel- 
low-brown. 

Pedipalp  with  a  distinct  tibial  apophysis. 
Tarsus  with  a  globose  genital  bulb  drawn 
out  into  a  long  neck  ending  with  an  un- 
pigmented  embolus  at  a  right  angle  near 
the  tip  (Fig.  127,  128). 

Diagnosis.  Castianeira  dugesii  differs 
from  other  dugesii  group  species  in  the 
right  angle  bend  at  the  tip  of  its  embolus. 

Remarks.  Only  a  single  male  is  known  of 
this  species. 

Natural  hisionj.  Nothing  is  known  of  the 
habits  of  this  species. 
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Distribution.   Only  known  from  the  type 
locality  in  Guanajuato,   Mexico    (Map  8). 
Records.    MEXICO.    Guanajuato. 

Casfianeira  nanelia  Gertsch 

Figures  129-132,  149,  150.   Map  8. 

Castianciia  nanclla  Gertsch,  1933,  Anier.  Mus. 
Novit.  No.  637:6,  fig.  3,  $,  from  Salt  Lake  City, 
Utah:  in  the  American  Museiun  of  Natural 
History,  e.xamined. 

MALE 

Measurements.  Based  on  holotype  and  9 
males,  holotype  listed  first,  range  of  all 
follows:  carapace  length  1.85  mm,  1.75- 
2.30  mm;  carapace  width  1.20  mm,  1.15- 
1.40  mm;  carapace  index  64,  60-66;  sternum 
length  0.95  mm,  0.90-1.05  mm;  sternum 
width  0.75  mm,  0.70-0.80  mm;  sternum 
index  77,  72-78. 

Femur  IV  length  1.40  mm,  1.40-2.35  mm; 
femur  I\^  width  0.30  mm,  0.30-0.35  mm;  leg 
thickness  index  22,  16-22;  leg  length  index 
74,  74-101. 

Abdomen  length  2.50  mm,  2.30-3.10  mm; 
abdomen  width  1.20  mm,  1.10-1.25  mm; 
abdomen  index  48,  40-51. 

Embolus  length  0.10  mm,  0.08-0.15  mm; 
bulb  length  0.70  mm,  0.6.5-0.77  mm;  male 
genital  index  14,  12-19. 

Deseription.  Carapace  dark  yellowish 
brown  and  hairless.  Eyes  fairly  large,  equal, 
and  bordered  in  black.  Carapace  narrow 
in  head  region  (cephalic  width  index  53- 
57)  and  smoothly  truncated  anteriorly. 
Thoracic  groove  moderate. 

Abdomen  an  elongated  oval,  with  a  full, 
shin\',  dorsal  sclerite — red-brown  with  a 
yellow  pattern — an  anterior  horizontal  band, 
a  second  band  connected  medially  to  a 
short  third  band,  followed  by  a  main  hori- 
zontal band,  followed,  finally,  by  a  short, 
abbreviated  stripe.  The  posterior  portion 
solid  red-brown  (Fig.  149).  Epigastric 
sclerite  orange.  Yellow  ventral  sclerite  from 
epigastric  furrow  about  two  thirds  of  the 
way  to  a  small  inframammilliary  sclerite. 
Anterior  pair  of  abdominal  setae  very  thin 


and  long,  posterior  pair  short  and  very 
stout,  spinelike. 

Stenium  dark  yellow  and  hairless.  Pedicel 
very  small. 

Chelicerae  dark  yellow-brown,  with  two 
moderately  small  retromargin  teeth  (the 
distal  one  slightly  longer)  and  two  pro- 
margin  teeth,  the  distal  one  larger  and  the 
proximal  one  slightly  smaller  than  the  retro- 
margin  teeth;  a  small  denticle  just  distal 
and  median  to  the  distal  promargin  tooth. 

Coxa  I  yellow-brown,  coxae  II,  III,  and 
IV  light  yellow-brown.  Trochanter  IV 
notch  not  clear. 

Legs  not  attached  to  type — but  ap- 
parently femora  striped  (brown  lateral 
sides  and  the  rest  yellow);  rest  of  legs  I 
and  II  yellow-white,  rest  of  III  yellow,  with 
tibia  striped.  Legs  lightly  hirsute.  Tibia 
I  ventral  spination :   3-2,  moderate  and  thin. 

Pedipalp  with  a  short,  sharp  tibial  apo- 
physis. Tarsus  with  a  globose  genital  bulb 
drawn  out  into  a  long  neck  having  a  thin 
embolus  and  a  slight  terminal  twist  (Figs. 
131,  132). 

FEMALE 

Measurements.  Based  on  11  females: 
carapace  length  1.90-2.60  mm;  carapace 
width  1.20-1.60  mm;  carapace  index  61-64; 
sternum  length  0.95-1.20  mm;  sternum 
width  0.75-0.95  mm;  sternum  index  72-81. 

Femur  IV  length  1.65-2.40  mm;  femur 
IV  width  0.30-0.45  mm;  leg  thickness  index 
18-20;  leg  length  index  86-96. 

Abdomen  length  2.60-3.75  mm;  abdomen 
width  1.40-2.25  mm;  abdomen  index  50- 
63;  dorsal  sclerite  length  0.95-1.55  mm; 
dorsal  sclerite  width  0.65-1.15  mm;  dorsal 
sclerite  index  64-84. 

Description.  Carapace  light  yellow- 
brown  and  hairless.  Eyes  fairly  large, 
bordered  in  black,  and  equal.  Carapace 
narrow  in  head  region  (cephalic  width 
index  5.3-59)  and  smoothly  truncated  an- 
teriorly.   Thoracic  groove  fairly  weak. 

Abdomen  oval,  with  moderate,  dark 
yellow-brown   dorsal   sclerite    (about   tvvo- 
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fifths  the  length  of  the  abdomen)  and  a 
hght  yellow  and  brown-black  pattern — an 
anterior  horizontal  band  of  yellow,  a  second 
band  connected  medially  to  a  short  thin 
band  that  is  connected  medially  to  a  major 
horizontal  band,  followed  finally  by  a  thin 
horizontal  stripe.  The  posterior  two  fifths 
solid  brown-black  (Fig.  150).  Epigastric 
sclerite  yellow-browTi.  Ventrum  light  yel- 
low. A  small,  red-brown  inframammilliary 
sclerite.  First  pair  of  abdominal  setae  long 
and  very  thin,  second  pair  moderately 
heavy  and  short. 

Sternum  yellow-orange  with  sparse,  thin 
setae.    Pedicel  very  small. 

Chelicerae  yellow-brown,  with  two  mod- 
erately large  retromargin  teeth  and  two 
promargin  teeth,  the  distal  one  slightly 
larger  and  the  proximal  one  smaller  than 
the  retromargin  teeth;  a  small  denticle  just 
distal  and  medial  to  the  larger  promargin 
tooth. 

Coxae  all  light  yellow-brown.  Trochanter 
IV  notch  moderately  weak. 

Femur  I  dark  red-brown,  femora  II-IV 
striped,  with  red-brown  lateral  sides  and 
yellow  ventral  and  dorsal  sides.  Rest  of 
legs  I  and  II  yellow%  of  leg  III  dark  yellow; 
leg  IV  with  dark  yellow  patella,  tibia  and 
metatarsus  striped  like  femur,  and  tarsus 
yellow-brown.  Tibia  I  ventral  spination: 
.3-3,  long  and  strong. 

External  female  genitalia  with  a  pair 
of  wide,  flared  openings  (Fig.  130).  In- 
ternal structure  with  somewhat  globose 
spermathecae  drawn  out  into  posterior 
necks  having  a  distinct  crook  in  them  ( Fig. 
129). 

Diagnosis.  Castianeira  naneJIa  differs 
from  other  dugesii  group  species  in  its 
genitalia,  leg  thickness  index  (18-20),  and 
abdominal  pigmentation  patterns. 

Remarks.  Two  specimens  having  fewer 
dark  markings  on  the  abdomen  and  longer 
emboli  (male  genital  index  17-19)  occur 
in  Mexico. 

Natural  history.    This  species  has   been 


collected  in  the  dry  grass  and  mesquite 
regions  of  Arizona.  One  egg  case  collected 
contained  seven  eggs. 

Disfribution.  Southwest  U.S.  and  north- 
west Mexico   (Map  8). 

Records.  Arizona.  Cochise  Co.,  Maricopa 
Co.,  Pima  Co.,  Santa  Cruz  Co.  Utah.  Salt 
Lake  Co. 

MEXICO.    Sinaloa.    Sonora. 

Casfianeira  alfa  new  species 
Figures  123-126,  151.    Map  8. 

Holoti/pe.  Male  from  Brawley,  Imperial 
Co.,  California,  13-VIII-1959  (E.  Schlinger); 
in  the  American  Museum  of  Natural  His- 
tor>'.  The  specific  name  is  an  arbitrary 
combination  of  letters. 

MALE 

Meas-urements.  Based  on  holot\'pe  and  9 
males,  holotype  listed  first,  range  of  all 
follows:  carapace  length  1.85  mm,  1.60-2.15 
mm;  carapace  width  1.20  mm,  1.05-1.40 
mm;  carapace  index  67,  62-67;  sternum 
length  0.85  mm,  0.80-1.00  mm;  sternum 
width  0.70  mm,  0.65-0.75  mm;  sternum 
index  81,  78-85. 

Femur  IV  length  1.40  mm,  1.10-1.60 
mm;  femur  IV  width  0.30  mm,  0.30-0.40 
mm;  leg  thickness  index  23,  23-26;  leg 
length  index  75,  68-76. 

Abdomen  length  2.30  mm,  1.90-2.75  mm; 
abdomen  width  1.20  mm,  1.00-1.40  mm; 
abdomen  index  51,  49-53. 

Embolus  length  0.08  mm,  0.07-0.09  mm; 
bulb  length  0.63  mm,  0.60-0.70  mm;  male 
genital  index  13,  11-13. 

Description.  Carapace  red-brown,  with 
some  sparse  white  hairs.  Eyes  moderately 
small,  equal,  and  bordered  in  black.  Cara- 
pace narrower  in  head  region  (cephalic 
width  index  5.5-59 )  and  smoothly  truncated 
anteriorly.    Thoracic  groove  moderate. 

Abdomen  oval  (widening  towards  pos- 
terior) and  covered  by  a  full  dorsal  sclerite 
— bright  red-brown,  anterior  three-quarters 
highly   punctate,   posterior   quarter   darker 
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and  highly  shiny.  \\'hoIe  dorsal  sclerite 
covered  with  thin,  light  hairs.  Epigastric 
and  xentral  sclerites  full  and  red-brown. 
First  pair  of  abdominal  setae  hairlike, 
second  pair  moderately  thin. 

Sternum  light  orange,  with  extremely 
sparse,  thin  setae.   Pedicel  very  short. 

Chelicerae  orange,  with  two  moderate 
retromargin  teeth  (the  distal  one  slightly 
larger)  and  two  promargin  teeth,  the  distal 
one  larger  and  the  proximal  one  smaller 
than  the  retromargin  teeth.  A  small  denticle 
distal  and  medial  to  larger  promargin 
tooth. 

Coxae  all  dark  yellow.  Trochanter  R" 
notch    small. 

Femur  I  dark  brown,  femora  II-IV 
orange-brown  (darker  on  lateral  sides); 
rest  of  legs  I  and  II  light  \ellow,  rest  of  leg 

III  light  orange-brown,  rest  of  leg  IV  with 
patella-tibia  orange-brown  and  slightly 
striped,  metatarsus  dark  red-brown,  and 
tarsus  yellow-brown.  Legs  moderately 
hirsute.  Tibia  I  ventral  spination:  2-1, 
small  (plus  a  very  small  proximal  retro- 
lateral  spine). 

Pedipalp  with  a  rounded,  short  tibial 
apophysis.  Tarsus  with  globose  genital 
bulb  drawn  out  into  a  long  neck  with  a 
thin  embolus,  curved  at  the  tip  (Fig.  125, 
126). 

FEMALE 

Measurements.  Based  on  7  females: 
carapace  length  2.40-2.85  mm;  carapace 
width  1.55-1.95  mm;  carapace  index  65- 
69;  sternum  length  1.10-1.30  mm;  sternum 
width  0.85-1.05  mm;  sternum  index  77-83. 

Femur  IV  length   1.70-2.20  mm;   femur 

IV  width  0.40-0.50  mm;  leg  thickness  index 
2.3-25;  leg  length  index  72-78. 

Abdomen  length  2.85-4.30  mm;  abdomen 
width  1.6.5-2.50  mm;  abdomen  index  52- 
62;  dorsal  sclerite  width  1.20-1.65  mm. 

Description.  Carapace  bright  orange- 
brown  and  hairless.  Eyes  moderately  small, 
equal,  and  bordered  in  black.  Carapace 
narrower  in  head  region    (cephalic  width 


index  59-62)  and  smoothly  truncated  an- 
teriorly.   Thoracic  groove  moderate. 

Abdomen  o\'al  with  a  moderate,  punctate, 
orange-brown  dorsal  sclerite.  Posterior  half 
browTi-black  and  anterior  half  light  yellow, 
with  a  narrow  brown-black  horizontal  band 
just  anterior  to  the  midline  (Fig.  151). 
Epigastric  sclerite  red-brown.  Ventrum 
pale  yellow  with  some  longitudinal  brown- 
black  markings  from  sides  of  epigastric 
furrow  to  a  dark  area  around  the  spin- 
nerets. First  pair  of  abdominal  setae  hair- 
like, second  pair  moderately  thin. 

Sternum  orange  with  sparse,  thin  setae. 
Pedicel  very  small. 

Chelicerae  orange,  with  two  moderate 
retromargin  teeth  (the  distal  one  slightly 
larger )  and  two  promargin  teeth,  the  distal 
one  larger  and  the  proximal  one  smaller 
than  the  retromargin  teeth.  A  small  denticle 
distal  and  medial  to  larger  promargin 
tooth. 

Coxae  all  light  orange.  Trochanter  IV 
notch  small. 

Femur  I  dark  brown;  femora  II-IV  light 
orange-brown.  Rest  of  legs  I  and  II  yellow- 
white;  rest  of  III  deep  yellow;  rest  of  IV 
light  orange-brown.  Legs  lightly  hirsute. 
Tibia  I  ventral  spination:  2-1,  small  (plus 
a  ver\^  small  proximal  retrolateral  spine). 

External  epigynum  with  wide,  flared 
openings  (Fig.  124).  Internal  structure 
with  globose  spemiathecae  narrowing  to 
thin,  curved  posterior  necks   (Fig.  123). 

Diagnosis.  Castiuncira  alfa  differs  from 
other  dugesii  group  species  in  its  male  and 
female  genitalia  (a  clear  bend  at  the  end 
of  the  embolus  and  small,  curved  sper- 
mathecal  necks),  and  in  the  female  ab- 
dominal pattern. 

Natural  history.  The  type  locality  is  an 
alfalfa  field.  Nothing  is  known  of  the 
habits  of  this  species. 

Distribution.  Southern  California,  x\ri- 
zona,  and  probably  adjacent  areas  in  Mex- 
ico (Map  8). 

Records.  Arizona.  Yuma  Co.  California. 
Imperial  Co.,  San  Diego  Co. 
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The  ATHENA  Group 

Characteristics.  Small  (male  carapace 
length  1.60-2.30  mm;  female  carapace 
length  2.15-2.85  mm),  with  moderately 
^\'ide  carapace  ( carapace  index  6^3-68 )  and 
moderate  cephalic  region  (male  cephalic 
width  index  53-54;  female  cephalic  width 
index  55-64).  Eyes  moderately  small  and 
approximately  equal.  Thoracic  groove  mod- 
erate to  weak.  Carapace  and  abdomen 
moderate!)'  hirsute. 

Discussion.  Castiancira  athena  and  C. 
rothi  are  closely  related. 

Casfianeira  athena  new  species 
Figures  172-175,  275.    Map  8. 

Holotypc.  Male  from  Andreas  Canyon, 
Palm  Springs,  Riverside  Co.,  California,  26- 
III-1960  (\V.  J.  Gertsch,  Ivie  and  Schram- 
mel);  in  the  American  Museum  of  Natural 
History.  The  specific  name  is  a  noun  in 
apposition  after  the  Greek  goddess  Athena. 

MALE 

Measurements.  Based  on  one  male  holo- 
t\^pe:  carapace  length  2.30  mm;  carapace 
width  1.55  mm;  carapace  index  67;  sternum 
length  1.10  mm;  sternum  width  0.85  mm; 
sternum  index  77. 

Femur  IV  length  1.75  mm;  femur  IV 
width  0.50  mm;  leg  thickness  index  27; 
leg  length  index  76. 

Abdomen  length  2.65  mm;  abdomen 
width  1.40  mm;  abdomen  index  53. 

Embolus  length  0.11  mm;  bulb  length 
0.77  mm;  male  genital  index   14. 

Description.  Carapace  dark  red-brown, 
with  some  short  light  hairs,  longer  hairs 
on  head  region.  Head  region  narrows 
(cephalic  width  index  54)  and  is  smoothly 
truncated  anteriorly.  Eyes  moderate  and 
equal.    Thoracic  groove  moderate. 

Abdomen  long  oval  widening  posteriorly, 
with  a  full,  red-brown  dorsal  sclerite  par- 
tially covered  with  long  plumose  white 
hairs  (many  rubbed  off)  in  a  striped  pat- 
tern— two   anterior  white   bands,   then   an 


abbreviated  band  (not  reaching  lateral 
sides),  and  finally  a  narrow,  median,  hori- 
zontal stripe.  Some  white  hairs  at  posterior 
edge  of  sclerite.  Epigastric  sclerite  light 
red-brown.  Rectangular,  light  red-browii, 
ventral  sclerite  from  epigastric  furrow  to 
inframammilliary  sclerite  just  anterior  to 
posterior  spiracular  furrow.  Anterior  ab- 
dominal setae  very  long  and  fairly  thin, 
posterior  pair  short  and  quite  stout.  Very 
short  abdominal  petiole. 

Sternum  yellow-browm  with  very  few, 
heavy  setae.    Pedicel  short. 

Chelicerae  brown,  with  two  moderate 
retromargin  teeth  and  two  promargin 
teeth,  the  distal  larger  and  the  proximal 
slightly  smaller  than  the  retromargin  teeth. 
No  denticle  present. 

Coxa  I  light  brown-yellow,  II  light  yel- 
low, III  and  IV  yellows  Trochanter  IV 
notch  small. 

Femur  I  dark  brown  lightening  to  yel- 
low-white at  distal  end,  femur  II  brown  on 
lateral  sides,  yellow  dorsally  and  ventrally; 
rest  of  legs  I  and  II  very  light  yellow. 
Femur  III  yellow  with  lateral  sides  light 
broNMi,  femur  IV  dark  yellow;  rest  of  III 
yellow,  patella-tibia  IV  yellow,  metatarsus 
iv  very  light  red-brown,  and  tarsus  IV 
light  yellow.  Legs  moderately  hirsute. 
Tibia  I  ventral  spination:  3-2,  moderately 
small,  proximal  spines  smaller. 

Pedipalp  with  a  small  tibial  apophysis. 
Tarsus  with  a  globose  genital  bulb  drawn 
out  into  a  long  neck  with  a  straight,  thin, 
and  fairly  short  embolus  (Figs.  174,  175). 

FEMALE 

Measurements.  Based  on  11  females: 
carapace  length  2.20-2.85  mm;  carapace 
width  1.40-1.85  mm;  carapace  index  63- 
67;  sternum  length  1.0-5-1.30  mm;  sternum 
width  0.85-1.00  mm;  sternum  index  77-84. 

Femur  1\'  length  1.65-2.10  mm;  femur 
IV  width  0.40-0.60  mm;  leg  thickness  index 
24-27;  leg  length  index  73-78. 

Abdomen  length  2.80-3.65  mm;  abdomen 
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width  1.65-2.65  mm;  abdomen  index  54-76; 
dorsal  sclerite  width  0.75-1.20  mm. 

Description.  Carapace  orange,  with  some 
short,  light  hairs,  longer  on  head  region. 
Carapace  narrow  in  head  region  (cephalic 
width  index  55-61 )  and  smoothly  trnncated 
anteriorly.  Eyes  moderate,  equal,  and 
bordered  in  black.  Thoracic  groove  moder- 
ate. 

Abdomen  oval,  with  a  small,  red-brown 
dorsal  sclerite  and  a  black  and  white  hair 
pattern — two  wide  horizontal  bands  of 
Nxhite  hair  at  anterior  end  (over  sclerite), 
then  an  abbreviated  wide  white  band,  not 
continuing  off  lateral  sides,  followed  by  a 
wide,  horizontal,  median  white  band,  the 
third  and  fourth  bands  joining  in  median 
part.  Finally,  a  posterior  band  of  white 
hairs;  rest  of  the  dorsal  abdomen  covered 
with  black  hairs  on  light  grey  ground  ( Fig. 
275).  Light  red-brown  epigastric  sclerite. 
\'entral  abdomen  light  grey.  A  small  red- 
browii  inframammilliary  sclerite.  Anterior 
abdominal  setae  very  thin  and  long,  pos- 
terior pair  thicker  and  stouter. 

Sternum  yellow-brown,  with  sparse,  very 
long   setae.    Pedicel   fairly   short. 

Chelicerae  light  brown,  with  two  moder- 
ate retromargin  teeth  and  two  promargin 
teeth,  the  distal  larger  and  the  proximal 
slightly  smaller  than  the  retromargin  teeth. 
No  denticle   present. 

Coxae  I,  II,  and  III  yellow-white,  IV 
yellow.    Trochanter  IV  notch  small. 

Femora  I  dark  brown  and  II  brown 
except  yellow-white  distal  end;  rest  of  legs 
I  and  II  very  light  yellow^  Femora  III  and 
IV  deep  yellow  with  dark  hairs  on  sides; 
rest  of  leg  III  dark  yellow;  patella-tibia 
IV  dark  yellow  with  dark  hairs;  metatarsus 
IV  red-brown,  and  tarsus  I\'  light  red- 
brown.  Legs  moderately  hirsute.  Tibia  I 
ventral  spination:     3-2,  moderately   small. 

External  epigynum  with  very  small  circu- 
lar openings  near  anterior  end  of  sper- 
mathecae  (Fig.  173).  Internal  structure 
witli  hea\'ily  rounded  spermathecae  with 
thick  posterior  necks   (Fig.   172). 


Diag^nosis.  The  females  of  Castiancira 
athcna  ha\'e  very  small  epigynal  openings 
(Fig.  173)  and  a  distinctive  abdominal 
hair  pattern.  The  males  differ  from  other 
Castiancira  in  their  small  size,  embolus, 
and  carapace  of  a  single  color. 

Remarks.  Castiancira  athena  is  closely 
related  to  C.  rothi  but  is  somewhat  larger 
and  differs  in  genitalic  characters. 

Natural  hisionj.  Nothing  is  known  of  the 
habits  of  this  species.  An  egg  case  col- 
lected with  a  female  consisted  of  two  disc- 
like white  cases  affixed  to  one  another,  one 
case  with  27  eggs  and  the  other  with  19. 

Distribution.  Southern  California  and 
northwest  Mexico   (Map  8). 

Records.  California.  Inyo  Co.,  Los 
Angeles  Co.,  Riverside  Co.,  San  Bernadino 
Co.,   San  Diego   Co. 

MEXICO.     Baja   California. 

Castianeira  rofhi  new  species 
Figures  208-211,  274.  Map  8. 

Holotype.  Male  from  South  Fork  of  the 
Cave  Creek,  Chiricahua  Mountains,  Cochise 
Co.,  Arizona,  18-V-1966  (J.  Reiskind);  in 
the  Museum  of  Comparative  Zoology.  The 
species  is  named  after  Vincent  D.  Roth. 

MALE 

Measurements.  Based  on  holotype  and  3 
males,  holotype  listed  first,  range  of  all 
follows:  carapace  length  1.75  mm,  1.60— 
1.75  mm;  carapace  width  1.15  mm,  1.10— 
1.15  mm;  carapace  index  67,  63-68;  sternum 
length  0.85  mm,  0.75-0.85  mm;  sternum 
width  0.70  mm,  0.65-0.70  mm;  sternum 
index  81,  81-85. 

Femur  IV  length  1.35  mm,  1.25-1.40 
mm;  femur  IV  width  0.30  mm,  0.30  mm; 
leg  thickness  index  24,  2.3-26;  leg  length 
index  78,  76-81. 

Abdomen  length  2.10  mm,  2.05-2.15  mm; 
abdomen  width  1.20  mm,  1.05-1.20  mm; 
abdomen  index  57,  52-57. 

Embolus  length  0.10  mm,  0.08-0.10  mm; 
bulb  length  0.57  mm,  0.54-0.59  mm;  male 
genital  index   17,   15-18. 
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Description.  Carapace  with  orange- 
bronii  thoracic  region  with  short,  Hght  hairs 
and  a  dark  brown  cephahc  region  with 
moderately  long,  light  hair.  Head  narrows 
(cephalic  width  index  5.3-54)  and  is 
smoothly  truncated  anteriorly.  Eyes  mod- 
erate and  equal.  Thoracic  groove  moder- 
ately weak. 

Abdomen  oval,  widening  posteriorly  with 
a  full,  punctate,  maroon-brown  dorsal 
sclerite  with  short,  plumose  hairs — three 
faint,  yellowish,  horizontal  hair  bands,  two 
at  anterior  end  and  one  at  median  (Fig. 
274).  Epigastric  sclerite  red-browTi.  A  full, 
rectangular,  red-brown  ventral  sclerite  and 
a  small  red-brown  inframammilliar\'  scle- 
rite. First  pair  of  abdominal  setae  very 
thin,  second  pair  moderately  thin. 

Sternum  shield-shaped  and  dark  yellow- 
brown,  with  sparse,  thin  setae.  Pedicel  very 
short.  Abdominal  petiole  very  short  but 
present. 

Chelicerae  light  brown-black,  with  two 
moderate  retromargin  teeth  and  two  pro- 
margin  teeth,  the  distal  larger  and  the 
proximal  smaller  than  the  retromargin 
teeth;  with  a  very  small  denticle  just  medial 
and  distal  to  the  larger  promargin  tooth. 
Coxa  I  light  yellow-browii,  II  and  III 
light  yellow,  IV  yellow.  Trochanter  IV 
notch  small. 

Femur  I  dark  brown,  lightening  at  distal 
end,  femora  II-IV  yellow  with  brown 
lateral  sides.  Rest  of  legs  I  and  II  light 
yellow,  rest  of  III  dark  yellow,  patella-tibia 
IV  orange,  metatarsus  IV  dark  red-brown, 
tarsus  IV  light  yellow-brown.  Tibia  I  ven- 
tral spination:  2-1,  small.  Legs  lightly 
hirsute. 

Pedipalp  with  a  blunt,  short  tibial  apo- 
physis. Tarsus  with  globose  genital  bulb 
drawn  out  into  a  long  neck  with  straight, 
moderately  sclerotized  embolus  with  a 
distinct  twist  at  the  tip  (Fig.  210,  211). 

FEMALE 

Measurements.  Based  on  10  females: 
carapace    length    2.15-2.50   mm;    carapace 


width  1.40-1.60  mm;  carapace  index  65-68; 
sternum  length  1.00-1.10  mm;  sternum 
width  0.85-0.95  mm;  sternum  index  80-85. 
Femur  IV  length  1.60-1.85  mm;  femur 
IV  width  0.40-0.50  mm;  leg  thickness  index 
24-27;  leg  length  index  74-79. 

Abdomen  length  2.60-3.50  mm;  abdomen 
width  1.60-2.75  mm;  abdomen  index  60-78; 
dorsal  sclerite  length  1.00-1.10  mm;  dorsal 
sclerite  width  0.95-1.20  mm;  dorsal  sclerite 
index  83-109. 

Description.  Carapace  with  red-brown 
thoracic  region  with  short,  light  hairs  and 
a  dark  red-brown  cephalic  region  with 
moderately  long,  light  hairs.  Head  narrow 
( cephalic  width  index  55-64 )  and  smoothly 
truncated  anteriorly.  Eyes  moderate  and 
equal.  Thoracic  groove  moderately  weak. 
Abdomen  a  wide  oval  and  brown,  with 
a  moderately  small  maroon  sclerite.  A  faint, 
light,  horizontal  band  just  anterior  to 
median  of  abdomen.  Epigastric  sclerite 
red-brown.  \'entrum  with  two  faint  beaded 
stripes  from  sides  of  epigastric  furrow  to 
spinnerets.  First  pair  of  abdominal  setae 
very  thin,  second  pair  moderately  thin. 

Sternum  shield-shaped,  orange,  with 
sparse,  thin  setae.    Pedicel  very  short. 

Chelicerae  red-brown,  with  two  moder- 
ate retromargin  teeth  and  two  promargin 
teeth,  the  distal  one  larger  and  the  proximal 
one  smaller  than  the  retromargin  teeth; 
with  a  very  small  denticle  just  medial  and 
distal  to  the  larger  promargin  tooth. 

Coxa  I  yellow-brown,  II,  III,  and  IV 
deep  yellow.  Trochanter  I\'  notch  small. 
Femur  I  dark  brown,  lighter  at  distal 
end,  femora  II-IV  yellow  with  brown  lateral 
sides.  Rest  of  legs  I  and  II  light  yellow,  of 
leg  III  yellow,  patella-tibia  IV  yellow- 
brown,  metatarsus  IV  red-brown,  tarsus 
IV  yellow.  Tibia  I  ventral  spination:  3-2, 
moderate.    Legs  lightly  hirsute. 

External  epigynum  with  widely  separated 
circular  openings  (Fig.  209).  Internal  struc- 
ture   with    rounded    saclike    spermathecae 
having   thick   posterior   necks    (Fig.    208). 
Diagnosis.   Castianeira  rothi  differs  from 
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MAP    9 
O  Castianeira  dorsata 
•  C .  azteca 
D  C.    stylifera 
■  C.    luctuosa 


Other  members  of  the  othena  group  in  its 
genitahc  characters  and  in  having  its 
cephahc  region  darker  than  the  thoracic 
region. 

Remarks.  This  species  is  closely  related 
to  C.  athena  but  is  smaller  and  has  distinc- 
tive genitalia  (females)  and  color  and  hair 
patterns. 

Natural  hisionj.  C.  rothi  is  found  in  the 
mountainous  oak  forests  of  southern  Ari- 
zona. 

Distribution.  Southern  Arizona  (Map  8). 

Records.  Arizona.  Cochise  Co.,  Santa 
Cruz  Co. 


The  dorsata  Group 
Characteristics.     Large    (male 


carapace 
carapace 
carapace 


length     2.8.5-4.60    mm;     female 

length    2.85-5.40    mm),    with    a 

index  6.5-69.   Abdomen  covered  with  black 

and  white,  and  yellow  or  orange  plumose 

hairs.   Epig\num  with  a  pair  of  fairly  high 

openings,    with    the    bursae     copulatrices 


more  or  less  passing  over  the  globose  an- 
terior of  the  spermathecae.  Male  genital 
index  22-.38.  Eyes  moderately  small  and 
approximately  equal  ( anterior  median  eyes 
sometimes  slightly  larger  than  laterals). 

Discussion.  This  Mexican  and  Central 
American  group  is  easily  distinguished  by 
the  genitalia — very  long  emboli  and  distinc- 
tive bursae  copulatrices. 

Castianeira  dorsata  (Banks) 

Figures  133-136,  148.    Map  9. 

Tliargalia  dorsata  Banks,  1898,  Proc.  California 
Acad.  Sci.  (3)1(7)  :228,  pi.  13,  fig.  .30,  9,  S. 
Male  and  female  cotypes  from  San  Jose  del 
Cabo,  Sierra  San  Nicolas,  and  Sierra  San  Lazaro 
in  Baja  California,  Mexico;  in  the  California 
Academy  of  Sciences;  destroyed,  and  the 
Museum  of  Comparative  Zoology;  examined. 
Male  lectotype  from  Sierra  San  Lazaro  chosen. 

MALE 

Measurements.  Based  on  lectotype  and 
6  males,  lectotype  listed  first,  range  of  all 
follows:     carapace   length  3.95  mm,   3.10- 
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4.60  mm;  carapace  width  2.60  mm,  2.00- 
2.95  mm;  carapace  index  66,  65-69;  sternum 
length  1.75  mm,  1.40-2.05  mm;  sternum 
width  1.40  mm,  1.10-1.55  mm;  sternum 
index  80,  7S-83. 

Femur  IV  length  2.85  mm,  2.55-3.70  mm; 
femur  IV  width  0.85  mm,  0.65-0.95  mm; 
leg  thickness  index  30,  25-30;  leg  length 
index  72,  72-83. 

Abdomen  length  4.10  mm,  3..35-5.10  mm; 
abdomen  width  2.15  mm,  1.55-2.40  mm; 
abdomen  index  53,  46-53. 

Embolus  length  0.26  mm,  0.26-0.29  mm; 
bulb  length  1.20  mm,  1.10-1.28  mm;  male 
genital  index  22,  22-25. 

Description.  Carapace  red-brown  with  a 
wide  longitudinal  median  stripe  of  white 
hairs  and  a  lighter  pigmented  spot  just 
anterior  to  the  thoracic  groove.  Head  nar- 
row (cephalic  width  index  53-60)  and 
smoothly  truncated  anteriorly.  Eyes  mod- 
erate and  equal.  Thoracic  groove  moderate. 
Abdomen  a  long  oval  with  a  full  dorsal 
sclerite,  orange  medially,  orange-brown  on 
sides,  and  covered  with  fairly  long  white 
hairs.  Epigastric  sclerite  maroon  over  book- 
lungs  but  orange  at  center.  An  almost  full, 
rectangular,  orange  ventral  sclerite  and  a 
small  orange-browTi  inframammilliary  scle- 
rite. First  pair  of  abdominal  setae  hair- 
like, second  pair  very  thin. 

Sternum  shield-shaped  and  orange,  with 
sparse,  thin  setae.    Pedicel  very  short. 

Chelicerae  red-brown  with  two  moder- 
ate retromargin  teeth  and  two  promargin 
teeth,  the  distal  one  much  larger  and  the 
proximal  one  smaller  than  the  retromargin 
teeth.    No  denticle  present. 

Coxae  all  orange-brown.  Trochanter  IV 
notch  moderately  small. 

Femora  all  red-brown.  Rest  of  legs  I 
and  II  yellow-orange;  rest  of  legs  III  and 
IV  orange  except  tarsi  yellow.  Tibia  I 
ventral  spination:  3-2,  moderate.  Legs 
heavily  hirsute. 

Pedipalp  with  a  short,  sharp  tibial  apo- 
physis. Tarsus  with  globose  genital  bulb 
drawn  out  into  a  long  neck  with  a  long, 


straight,  thin,   sclerotized  embolus  with  a 
distinct  twist  at  the  tip   (Figs.   134,   135). 

FEMALE 

Measurements.  Based  on  5  females: 
carapace  length  3.95-4.55  mm;  carapace 
width  2.60-2.95  mm;  carapace  index  65- 
68;  sternum  length  1.65-1.95  mm;  sternum 
width  1.40-1.55  mm;  sternum  index  79-83. 

Femur  IV  length  2.95-3.30  mm;  femur 
IV  width  0.85-0.95  mm;  leg  thickness  index 
28-29;  leg  length  index  72-80. 

Abdomen  length  4.20-5.60  mm;  abdomen 
width  2.40-4.15  mm;  abdomen  index  58- 
77;  dorsal  sclerite  length  0.55-0.95  mm; 
dorsal  sclerite  width  1.10-1.50  mm;  dorsal 
sclerite  index  153-206. 

Description.  Carapace  deep  red-brown 
with  a  wide  longitudinal  median  stripe  of 
white  hair.  Head  narrow  (cephalic  width 
index  60-63)  and  smoothly  truncated  an- 
teriorly. Eyes  moderate  and  equal.  Thoracic 
groove  moderately  strong. 

Abdomen  oval,  with  a  small  red-brown 
dorsal  sclerite  (white  hairs  on  the  sclerite) 
and  a  wide  longitudinal  band  of  orange 
hair  with  brownish  hairs  on  the  sides  ( Fig. 
148).  Epigastric  and  small  inframammilliary 
sclerites  red-brown.  Ventrum  with  two 
beaded  stripes  from  sides  of  epigastric  fur- 
row to  the  posterior  sclerite.  First  pair  of 
abdominal  setae  very  thin,  second  pair 
thin. 

Sternum  shield-shaped  and  red-brown, 
with  sparse,  thin  setae.    Pedicel  very  short. 

Chelicerae  deep  red-brown,  with  two 
moderate  retromargin  teeth  and  two  pro- 
margin  teeth,  the  distal  one  much  larger 
and  the  proximal  one  smaller  than  the 
retromargin  teeth.    No  denticle  present. 

Coxae  all  red-brown.  Trochanter  IV 
notch  moderately   small. 

Legs  all  red-brown,  with  legs  I  and  II 
distal  to  the  femora  and  all  tarsi  sHghtly 
lighter.  Tibia  I  ventral  spination:  3-2, 
moderately  strong.  Legs  heavily  hirsute. 
External  epigynum  with  two  small, 
widely    separated,    round    openings    (Fig. 
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136),  internal  structure  witli  rounded 
spermathecae  and  short  posterior  necks, 
the  bursae  copulatrices  close  to  the  sper- 
mathecae (Fig.  133). 

Drngnosis.  Casiianeira  dorsata  differs 
from  other  dorsata  group  species  in  having 
small,  medially  directed  epigynal  openings 
(in  the  female)  and  an  abdomen  without 
an\-  yellow  or  white  spots   (in  the  male). 

Remarks.  The  red-orange  hair  band  on 
the  abdomen  is  often  broken  horizontally 
in  several  places,  especially  near  the  pos- 
terior end,  and  also  often  extends  down  the 
sides.  The  distinctive  female  genitalia  dis- 
tinguishes this  species  from  others  that 
look  superficially  like  it — Castiancira  ornata 
(in  the  longipalpus  group)  and  C.  occidcns 
(in  the  descripta  group).  The  convergent 
pattern  of  a  red-orange  abdomen  and  often 
a  longitudinal  band  of  white  hairs  on  the 
carapace  may  be  the  result  of  selection  for 
mutillid  wasp  mimicry,  but  there  are  no 
field  observations  either  to  support  or  to 
refute  this,  except  those  of  Scheffer  ( 1906 ) 
(see  Natural  history,  under  Castiancira 
descripta ) . 

Natural  history.  Nothing  is  known  of  the 
habits  of  this  species. 

Disiribution.  Southwestern  U.S.  and 
northwestern  Mexico  (Map  9). 

Records.  Arizona.  Cochise  Co.,  Yuma  Co. 

MEXICO.  Raja  California.,  Jalisco.,  Mi- 
choacan.,  Morelos.,  Nayarit.,  Nuevo  Leon., 
Sinaloa.,  Sonora. 

Casfianeira  sfylifera  Kraus 

Figures  145-147,  159.   Map  9. 

Ca-^tianeira  stylifera  Kraus,  1955,  Abhandl.  Sen- 
ckenb.  Naturf.  Ges.  493:49-50,  figs.  128-130, 
S ,  9 .  Male  holot\pe  from  Finca  La  Yoya, 
Sonsonate,  El  Salvador;  in  the  Senckenberg 
Museum,  examined. 

MALE 

Measurements.  Based  on  one  male  holo- 
type:  carapace  length  4.55  mm;  carapace 
width  2.95  mm;  carapace  index  65;  sternum 
length  2.05  mm;  stern  vim  width  1.55  mm; 
sternum  index  75. 


Femur  IV  length  3.55  mm;  femur  IV 
width  0.95  mm;  leg  thickness  index  27; 
leg  length  index  78. 

Abdomen  length  5.10  mm;  abdomen 
width  2.20  mm;  abdomen  index  43. 

Embolus  length  0.39  mm;  bulb  length 
1.61  mm;;  male  genital  index  24. 

Description.  Carapace  dark  red-brown, 
with  short,  sparse  white  hairs  except  "head" 
lighter  red-brown  and  covered  with  longer 
white  hair.  Lateral  edges  of  carapace 
bordered  in  heavy  white  hair  except  in 
head  region.  Eyes  equal  and  bordered  in 
black.  Head  narrow  ( cephalic  width  index 
59)   and  smoothly  truncated  anteriorly. 

Abdomen  \er\'  long  and  oval,  with  a  full 
dorsal  sclerite,  red-brown  except  for  a  large 
central  spot  and  a  posterior  spot  of  dark 
yellow,  and  covered  with  plumose  white 
hairs.  Epigastric  sclerite  light  red-brown. 
A  rectangular  red-brown  ventral  sclerite 
from  epigastric  furrow  to  an  inframam- 
milliar>^  sclerite.  Abdominal  setae  very 
thin.    Pedicel  ver\'  short. 

Sternum  light  red-brown,  with  very  long, 
thin  setae. 

Chelicerae  light  red-brown,  with  two 
moderate  retromargin  teeth  and  two  pro- 
margin — the  distal  one  larger  and  the 
proximal  one  smaller  than  the  retromargins. 
A  denticle  possibly  present. 

Coxae  all  yellow-brown.  Trochanter  IV 
notch  moderate. 

Femora  I  and  II  browTi,  patellae  I  and 
II  yellow-brown,  rest  of  I  and  II  light 
yellow.  Leg  III  dark  \ellow-bro\\ii,  with  a 
darker  brown  ring  in  center  of  tibia  and 
lighter  tarsus.  Femur  IV  brown,  rest  of 
IV  dark  vellowish  browai,  with  a  dark 
brown,  wide  ring  in  the  center  of  tibia 
and  lighter  tarsus.  Legs  heavily  hirsute, 
with  patches  of  white  hairs  on  femora,  and 
moderately  heavily  spiney.  Tibia  I  ventral 
spination :    .3-2. 

Pedipalp  with  a  moderate  tibial  apoph- 
ysis. Tarsus  with  a  globose  genital  bulb 
drawTi  out  into  a  long  neck  with  a  long, 
heavily  sclerotized  embolus  tip  (Fig.  147). 
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FEMALE 

Measurements.  Based  on  2  females: 
carapace  length  4.55-5.40  mm;  carapace 
width  2.95-3.65  mm;  carapace  index  65-67; 
sternum  length  2.00-2.30  mm;  sternum 
width  1.60-1.75  mm;  sternum  index  77-79. 

Femur  lY  index  3.30-3.85  mm;  femur  l\ 
width  1.00-1.20  mm;  leg  thickness  index 
30-31;  leg  length  index  72-73. 

Based  on  one  female  only:  abdomen 
length  6.90  mm;  abdomen  width  4.40  mm; 
abdomen  index  64. 

Description.  Carapace  dark  purplish  red- 
brown  covered  \\itli  light  hairs,  especially 
long  and  dense  on  cephalic  region,  and 
lateral  edges  of  thoracic  region  bordered 
with  heavy  white  hair.  Head  narrow 
(cephalic  width  index  62)  and  smoothly 
truncated  anteriorly.  Eyes  almost  equal, 
with  darker  borders. 

Abdomen  oval,  with  small,  red-brown, 
anterior  dorsal  sclerite,  and  covered  with 
light  yellow  and  black  plumose  hairs;  an- 
terior end  black  with  some  white  hairs, 
then  a  \\'ide  horizontal  light  band  con- 
tinuing posteriorly  along  median  to  an- 
other wide  band,  thereby  providing  two 
large  dark  lateral  spots,  and  a  wide  black 
posterior  end  ( Fig.  159 ) .  Epigastric  scle- 
rite red-brown.  Ventral  abdomen  with  two 
faint,  longitudinal,  beaded  stripes  from 
sides  of  epigastric  furrow  posteriorly.  An- 
terior abdominal  setae  hairlike,  posterior 
pair  very  thin.    Pedicel  short. 

Sternum  dark  red-brown,  with  long,  fairly 
thin  setae. 

Chelicerae  dark  red-brown,  with  two 
medium  retromargin  teeth  and  two  pro- 
margin  teeth,  the  distal  one  larger  and  the 
proximal  smaller  than  the  retromargins.  A 
denticle  possibly  present. 

Coxae  all  red-brown.  Trochanter  IV 
notch  moderate. 

All  femora  dark  red-brown;  patellae  I 
and  II  light  red-brown,  rest  of  legs  I  and  II 
yellow.  Rest  of  legs  III  and  IV  dark  red- 
brown  with  lighter  tarsi.    Legs  moderately 


hirsute,  with  white  hair  patches  on  femora 
and  legs  III  and  IV,  and  moderately  heavy 
spination.    Tibia  I  ventral  spination:    3-2. 

External  epigynum  ^^'ith  small  semicircu- 
lar openings  (Fig.  146).  Internal  structure 
highly  sclerotized,  with  saclike  sperma- 
thecae  and  with  bursae  copulatrices  passing 
over  anterior  end  of  spermathecae  (Fig. 
145). 

Diumiosis.  The  males  of  Castianeira 
.stylifera  differ  from  those  of  other  dorsata 
group  species  in  their  genitalia  (male 
genital  index  24)  and  light  abdominal 
spots.  The  females  differ  from  tlie  others 
in  their  epigynal  openings  (smaller  than 
those  of  C.  azteca)  and  abdominal  pattern 
(which  is  similar  to  C.  azteca). 

Remarks.  This  species  is  closely  related 
to  Castiancira  azteca  but  is  much  larger 
and  has  distinct  genitalia.  The  yellow 
(much  redder  in  the  living  spider)  ab- 
dominal spots  may  be  of  mimetic  (to 
mutillid  wasps)  value. 

Natural  history.  Nothing  is  known  of  the 
habits  of  this  species. 

Distribution.    El  Salvador  (Map  9). 

Casfianeira  azteca  new  species 
Figures  137-141,  156.   Map  9. 

Holotype.  Male  from  La  Planta  de 
Moctezuma,  near  Fortin,  Veracruz,  Mexico, 
7-VII-1947  (C.  and  M.  Goodnight);  in  the 
American  Museum  of  Natural  History.  The 
specific  name  is  an  adjective  from  the  name 
given  to  Indians  of  the  Nahuatlan  tribe 
which  founded  the  pre-Columbian  Mexican 
Empire. 

MALE 

Measurements.  Based  on  holotype  and 
5  males,  holotype  listed  first,  range  of  all 
follows:  carapace  length  3.90  mm,  2.85- 
4.25  mm;  carapace  width  2.60  mm,  1.90- 
2.80  mm;  carapace  index  67,  65-69;  sternum 
length  1.75  mm,  1.30-1.90  mm;  sternum 
width  1.35  mm,  1.05-1.40  mm;  sternum 
index  76,  74-80. 

Femur    IV    length    2.95    mm,    2.40-3.20 
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mm;  femur  IV  \\idth  0.90  mm,  0.60-0.95 
mm;  leg  thickness  index  30,  25-30;  leg 
length  index  76,  75-83. 

Abdomen  length  4.55  mm,  3.40-4.75  mm; 
abdomen  width  1.95  mm,  1.50-2.40  mm; 
abdomen  index  43,  43-53. 

Embolus  length  0.47  mm,  0.42-0.52  mm; 
bulb  length  1.44  mm,  1.16-1.56  mm;  male 
genital  index  33,  32-38. 

Description.  Carapace  maroon,  granulose, 
and  co\'ered  with  white  plumose  hairs  in  a 
wide  longitudinal  band  over  the  thoracic 
region  and  widening  to  co\"er  the  cephalic 
region  with  longer  hairs.  Head  narrows 
(cephalic  width  index  5^3-55)  and  is 
smoothK'  truncated  anteriorly.  Eyes  mod- 
erately small  and  equal.  (Anterior  medians 
sHghtly  larger  than  laterals.)  Thoracic 
groo\e  strong. 

Abdomen  a  long  oval,  with  a  full,  dark 
red-brown  dorsal  sclerite  (with  two  lighter 
spots,  one  in  middle  and  one  at  posterior) 
covered  with  a  very  wide  longitudinal  band 
of  heavy  white  hairs.  Epigastric  sclerite 
and  small  inframammilliary  sclerite  dark 
red-brown,  three-quarters  rectangular  ven- 
tral sclerite  red-brown  with  some  white 
hairs.    Both  pairs  of  abdominal  setae  thin. 

Sternum  shield-shaped  and  red-brown, 
with  sparse,  long,  thin  setae.  Pedicel  very 
short. 

Chelicerae  dark  red-brown,  with  two 
moderately  large  retromargin  teeth  and 
two  promargin  teeth,  the  distal  one  larger 
and  the  proximal  one  smaller  than  the 
retromargin  teeth;  a  very  minute  denticle 
just  median  and  distal  to  the  larger  pro- 
margin  tooth. 

Coxae  all  dark  orange-brown.  Trochan- 
ter I\'  notch  moderately  strong. 

Femora  all  dark  red-brown,  with  abun- 
dant white  hair.  Rest  of  legs  I  and  II 
yellow-orange;  rest  of  legs  III  and  IV  dark 
red-brown  (III  slightly  lighter),  with  yel- 
low-orange tarsi.  Legs  heavily  hirsute. 
Tibia  I  ventral  spination:  3-2,  moderately 
long  and  strong. 


Pedipalp  with  a  short,  fairly  blunt,  tibial 
apophysis.  Tarsus  with  a  globose  genital 
bulb  drawn  out  into  a  long  neck  with  a 
verv  long  and  slightly  curved  sclerotized 
embolus   (Fig.  139-141). 

FEMALE 

Measurements.  Based  on  2  females: 
carapace  length  3.50-4.60  mm;  carapace 
w  idth  2.35-2.95  mm;  carapace  index  65-68; 
sternum  length  1.55-1.95  mm;  sternum 
width  1.25-1.55  mm;  sternum  index  79-81. 

Femur  IV  length  2.70-3.15  mm;  femur 
IV  width  0.75-1.05  mm;  leg  thickness  index 
29-33;   leg  length  index  69-78. 

Abdomen  length  3.85-4.45  mm;  abdomen 
width  2.30-2.65  mm;  abdomen  index  59- 
60;  dorsal  sclerite  length  0.40-0.85  mm; 
dorsal  sclerite  width  1.0.5-1.65  mm;  dorsal 
sclerite  index  190-250. 

Description.  Carapace  orange,  granulose, 
and  coxered  with  black  and  white  plumose 
hairs  in  a  wide  longitudinal  band  over  the 
thoracic  region,  widening  to  cover  the 
cephalic  region  with  longer  hairs.  Head 
narrows  ( cephalic  width  index  58-59 )  and 
is  smoothly  truncated  anteriorly.  Eyes  mod- 
erately small,  equal,  and  bordered  in  black. 
Thoracic  groove  moderately  strong. 

Abdomen  a  large  oval  with  a  small,  red- 
brown  dorsal  sclerite  and  a  black  and 
orange  hair  pattern  with  some  white  hairs 
on  the  sclerite — wide  longitudinal  orange 
hair  band  from  sclerite  to  area  just  anterior 
to  spinnerets  and  extending  somewhat 
laterally  at  middle  and  at  posterior  end 
(Fig.  156),  abundant  white  hair  spots  on 
sides  of  abdomen.  Epigastric  sclerite  light 
orange.  \'entrum  with  a  pair  of  light  lines 
from  sides  of  epigastric  furrow  to  a  small, 
orange-brown,  inframammilliaiy  sclerite. 
First  pair  of  abdominal  setae  very  thin, 
second  pair  thin. 

Sternum  shield-shaped,  orange,  with  long, 
thin  setae. 

Chelicerae  orange-brown,  with  two  mod- 
erately   large    retromargin   teeth   and   two 
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promargin  teeth,  the  distal  one  larger  and 
the  proximal  one  smaller  than  the  retro- 
margin  teeth;  a  very  small  denticle  just 
median  and  distal  to  the  larger  promargin 
tooth. 

Coxae  all  light  yellow-orange.  Trochan- 
ter IV  notch  moderate. 

All  femora  light  orange;  rest  of  legs  I 
and  II  light  yellow;  rest  of  legs  III  and  IV 
light  orange,  but  with  center  half  of  tibia 
IV  and  all  of  metatarsus  IV  light  orange- 
brown.  Legs  moderately  heavily  hirsute. 
Tibia  I  ventral  spination:  2-2,  moderate 
length  and  heavy. 

External  epigynum  with  two  semicircu- 
lar, slitlike  openings  directed  posteriorly 
and  slightly  medially  (Fig.  138).  Internal 
structure  with  rounded  spermathecae  having 
thick  posterior  necks  and  bursae  copulatrices 
looping  over  anterior  ends  of  spermathecae 
(Fig.  137). 

Diugnosis.  Castianeira  azteca  closely 
resembles  C.  siylifem  but  differs  from  it  in 
male  genitaha  (male  genital  index  32-38), 
in  female  genitalia  (epigynal  openings 
larger  than  in  C.  stylifera),  and  in  size  (C. 
azteca  smaller  than  C.  stylifera). 

Remarks.  There  is  considerable  variation 
in  this  species.  Males  from  Veracruz  and 
Oaxaca  have  shorter  emboli  (male  genital 
index  32-33)  than  do  those  from  Guerrero 
(male  genital  index  35-38),  and  the  ab- 
dominal spots  vary  in  length  and  width  in 
the  two  females.  These  spiders  may  be 
mutillid  wasp  mimics. 

Natural  history.  Nothing  is  known  of  the 
habits  of  this  species. 

Disirihiition.    Mexico  (Map  9). 

Records.  MEXICO.  Nayarit.,  Oaxaca., 
Veracruz. 

Castianeira  lucfuosa  O.  P. -Cambridge 

Figures  142,  152.   Map  9. 

Castianeira  luctuosa  O.  P. -Cambridge,  1898,  Biol. 
Centrali-Americana  Arachnida  1:287,  pi.  32, 
fig.  9,  $ ,  from  Amula,  Guerrero,  Mexico;  in 
the  British  Museum  (Natural  History),  ex- 
amined. 


FEMALE 

Measurements.  Based  on  one  female 
holotype:  carapace  length  2.85  mm;  cara- 
pace width  1.85  mm;  carapace  index  66; 
sternum  length  1.30  mm;  sternum  width 
1.05  mm;  stenium  index  81. 

Femur  IV  length  2.35  mm;  femur  IV 
width  0.60  mm;  leg  thickness  index  25;  leg 
length  index  83. 

Abdomen  length  3.10  mm;  abdomen 
width  2.00  mm;  abdomen  index  64;  dorsal 
sclerite  length  1.40  mm;  dorsal  sclerite 
width  1.20  mm;  dorsal  sclerite  index  86. 

Description.  Carapace  dark  red-brown, 
slightly  lighter  red-brown  in  head  region, 
uniformly  covered  with  moderately  dense 
white  hair.  Carapace  moderately  narrow 
in  head  region  (cephalic  width  index  65) 
and  smoothly  truncated  anteriorly.  Eyes 
bordered  in  black,  and  posterior  eyes  equal, 
whereas  anterior  median  eyes  moderately 
larger  than  anterior  lateral  eyes.  Thoracic 
groove  relatively  weak. 

Abdomen  oval,  with  a  large,  orange- 
brown  dorsal  sclerite  (about  two-fifths  of 
the  way  from  anterior  end)  and  a  light 
brown  and  white  dorsal  hair  pattern — two 
horizontal  anterior  white  bands,  a  short 
median  sinuous  horizontal  white  bar,  a 
median  white  band,  two  pairs  of  small 
horizontal  white  spots,  and  a  posterior 
white  hair  band  (Fig.  152).  Ventral  ab- 
domen yellow  with  two  faint  longitudinal 
lines.  On  each  side  of  abdomen  two  large 
white  hair  spots — one  below  mid-band  and 
one  below  anterior  sclerite.  Anterior  ab- 
dominal setae  thin,  posterior  pair  moder- 
ately thin    (fairly  thick  at  base). 

Sternum  light  brown,  with  thin  setae. 
Pedicel   negligible. 

Chelicerae  light  browai,  \\\\h  two  mod- 
erate retromargin  teeth  and  two  promargin 
teeth,  the  distal  one  slight!}'  longer  and  the 
proximal  one  slightly  smaller  than  the  retro- 
margin  teeth. 

Coxae  all  yellow-brown.  Trochanter  IV 
notch  moderate. 
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Femora  light  brown;  rest  of  legs  I  and  II 
light  yellow;  rest  of  leg  III  yellow,  with 
metatarsus  darker;  rest  of  leg  I\'  light 
brow  n,  \\  ith  ends  of  tibia  mueh  lighter  and 
tarsus  yellow.    Legs  moderately  hirsute. 

External  epigynum  with  moderately 
small,  anteriorly  and  laterally  oriented, 
slitlike  openings  (Fig.  142).  Internal  strue- 
ture  with  typical  inverted  pear-shaped 
spermathecae. 

Diagnosis.  The  epigynal  openings  (mod- 
erately small  and  directed  anteriorly  and 
lateralK" )  and  abdominal  white  hair  pat- 
tern distinguish  this  species  from  all  other 
Castioncira. 

Xatural  history.  Nothing  is  known  of 
the  habits  of  this  species. 

Distribution.  Only  knowTi  from  the  type 
locality  in  Guerrero,  Mexico   (Map  9). 

Records.  MEXICO.  Guerrero. 

The  t  run  cat  a  Group 

Castianeira  fruncafa  Kraus 
Figures  205,  206.   Map  10. 

Castianeira  truncata  Kraus,  1955,  Abhandl.  Sen- 
ckenb.  Xaturf.  Ges.  493:48-49,  figs.  126-127,  6  , 
from  Finca  El  Carmen,  San  Mncente,  El 
Salvador;  in  the  Senckenberg  Museum,  ex- 
amined. 

MALE 

Measurements.  Based  on  one  male  holo- 
type:  carapace  length  2.05  mm;  carapace 
w  idth  1.35  mm;  carapace  index  67;  sternum 
length  0.95  mm;  sternum  width  0.80  mm; 
sternum  index  85. 

Femur  IV  length  1.60  mm;  femur  1\' 
width  0.45  mm;  leg  thickness  index  29; 
leg  length  index  78. 

Abdomen  length  2.65  mm;  abdomen 
width  1.35  mm;  abdomen  index  51. 

Embolus  length  0.09  mm;  bulb  length 
0.63  mm;  male  genital  index  14. 

Description.  Carapace  dark  red-brown, 
with  short  white  hairs  over  total  surface. 
Head  region  narrow  (cephalic  wddth  index 
54)     and    smoothly    truncated    anteriorly. 


Posterior  eyes  equal,  anterior  median  eyes 
somewhat  larger  than  anterior  lateral  eyes, 
and  all  eyes  bordered  in  black.  Thoracic 
groove  fairly  weak. 

Abdomen  long,  oval,  widening  poste- 
riorly, with  a  full,  maroon  dorsal  sclerite 
covered  with  white  hairs  (many  rubbed 
off).  Epigastric  sclerite  dark  red-brown. 
Wide,  rectangular,  dark  red-brown  \entral 
sclerite  from  epigastric  furrow  to  a  small 
inframammilliary  red-brown  sclerite.  An- 
terior abdominal  setae  very  thin  and  long, 
posterior  pair  much  shorter,  stouter,  and 
close  to  abdomen.  Abdominal  petiole  short 
but  distinct. 

Sternum  red-brown,  with  sparse,  light, 
hairlike  setae.    Pedicel  short. 

Chelicerae  red-brown,  with  two  fairly 
small  retromargin  teeth  and  two  promargin 
teeth,  the  distal  one  larger  and  the  proximal 
one  a  bit  smaller  than  the  retromargin 
teeth.    A  denticle  probably  present. 

Coxa  I  very  light  browii,  coxae  II  and 
III  yellow,  and  coxa  IV  yellow-brown. 
Trochanter  IV  notch  small. 

Femora  I  and  II  brown  at  base,  grading 
to  light  yellow  at  distal  end  and  on  dorsal 
side;  rest  of  legs  I  and  II  light  yellow\ 
Femur,  patella-tibia,  and  metatarsus  III 
dark  brown  on  lateral  sides  and  yellow- 
brown  on  dorsum  and  \entrum,  tarsus  III 
light  yellow.  Femur  IV  dark  brown  with 
light  distal  end,  patella-tibia  dark  brown 
with  a  very  light  distal  end,  metatarsus  IV 
dark  brown,  tarsus  1\  yellow-brown.  Legs 
moderately  hirsute.  Tibia  I  ventral  spina- 
tion:    2-1. 

Pedipalp  with  a  small  tibial  apophysis. 
Tarsus  with  a  globose  genital  bulb  drawn 
out  into  a  long  neck  and  ending  with  a 
lightlv  sclerotized,  blunt-ended  embolus 
(Figs.  205,  206). 

Diagnosis.  The  short,  clublike  embolus 
(Fig.  206)  and  the  small  size  of  C.  truncata 
distinguish   it   from    all    other   Castianeira. 

Natural  history.  Nothing  is  known  of  the 
habits  of  this  species. 

Distribution.    El  Salvador  (Map  10). 
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The  dubia  Group 

Characteristics.  Moderately  large  (male 
carapace  length  2.15-2.95  mm;  female  cara- 
pace length  2.95-3.90  mm),  with  a  carapace 
index  54-60  (fairly  narrow).  Abdomen 
elongate,  especially  in  the  male  (male  ab- 
domen index  30-38).  Spermathecae  with 
globose  anterior  ends  and  moderately  thin 
posterior  necks.  Eyes  moderately  large, 
\\  ith  the  anterior  median  e\'es  much  larger 
than  the  rest. 

Discussion.  This  group  and  the  three 
single  species  groups  following  it  are  large 
Castianeira,  with  anterior  median  eyes 
much  larger  than  the  laterals.  This  eye 
character  is  common  in  larger  neotropical 
Castianeira  and  is  one  of  the  major  char- 
acters used  in  the  original  description  of 
the  genus  (Keyserling,  1879). 

Casf/ane;ra  dubia  (O.  P.-Cambridge),  new 
combination.  Figures  168-171,  182,  183. 
Map  10. 

Corinnomma  diibium  O.  P.-Cambridge,  1898,  Biol. 
Centrali-Americana  Arachnida  1:277,  pi.  34, 
fig.  1,  5,  from  Teapa,  Tabasco,  Mexico;  in  the 
British   Museum    (  Natural   History ) ,    examined. 

Myrmccotijpus  dtihius:  F.  P.-Cambridge,  1899, 
Biol.  Centrali-Americana  Arachnida  2:84. 

Castianeira  nitida  Chickering,  1937,  Trans.  Amer. 
Microscop.  Soc.  56(l):6-7,  figs.  7,  46,  50,  <^  , 
from  Barro  Colorado  Island,  Panama  Canal 
Zone;  in  the  Museum  of  Comparative  Zoolog>', 
examined.    NEW  SYNONYMY. 

MALE 

Measurements.  Based  on  10  males:  cara- 
pace length  2.15-2.95  mm;  carapace  width 
1.30-1.70  mm;  carapace  index  57-60;  ster- 
num length  1.10-1.40  mm;  sternum  width 
0.75-0.95  mm;  sternum  index  6.3-70. 

Femur  IV  length  1.65-2.30  mm;  femui 
IV  width  0.40-0.50  mm;  leg  thickness  index 
2.3-25;  leg  length  index  &5-80. 

Abdomen  length  3.20-2.90  mm;  abdomen 
width  1.10-1..35  mm;  abdomen  index  .34- 
38. 

Embolus  length  0.03  mm;  bulb  length 
0.78-0.98  mm;  male  genital  index  3-4. 


Description.  Carapace  long,  red-brown, 
with  fine  light  hairs  and  slightly  darker  on 
sides.  Head  narrow  (cephalic  width  index 
50-59)  and  smoothly  truncated  anteriorly. 
Eyes  somew  hat  raised,  posterior  eyes  mod- 
erate and  equal,  anterior  median  eyes 
larger,  and  anterior  lateral  eyes  much 
smaller.  Eyes  bordered  in  black.  Carapace 
quite  narrow  posteriorly.  Thoracic  groove 
moderate. 

Abdomen  elongated,  with  an  almost  full, 
dark  red-brown  dorsal  sclerite  and  a  pat- 
tern of  white  hairs  surrounded  b\'  golden- 
brown  hairs — a  wide  anterior  horizontal 
band  followed  by  a  pair  of  spots,  then  a 
thin  median  band  and  a  wide  posterior 
band  (Fig.  183).  Epigastric  and  a  large 
ventral  sclerite  dark  red-brown.  A  small 
red-brown  inframammilliary  sclerite.  First 
pair  of  abdominal  setae  hairlike,  second 
pair  moderate. 

Sternum  shield-shaped,  long,  and  orange- 
brown,  with  some  fine  light  hairs.  Short 
pedicel. 

Chelicerae  orange-brown,  with  tAvo  mod- 
erate retromargin  teeth  and  two  promargin 
teeth,  the  distal  larger  and  the  proximal 
smaller  than  the  promargin  teeth;  a  very 
small  denticle  just  distal  and  medial  to  the 
larger  promargin  tooth. 

Coxae  all  light  yellow- white.  Trochanter 
IV  notch  moderately  small. 

Femora  I  and  II  striped — yellow  with 
brown  lateral  sides;  femur  III  also  striped — 
yellow  with  light  brown  sides;  femur  IV 
light  red-brown.  Rest  of  legs  I  and  II 
light  yellow-white  (slightly  brown  sides); 
rest  of  leg  III  light  yello\\';  rest  of  leg  IV — 
patella  yellow,  tibia  striped  yellow  with 
red-brown  sides  and  yellow  distal  end. 
Metatarsus  red-brown,  tarsus  yellow.  Legs 
moderately  lightly  hirsute.  Tibia  I  ventral 
spination:     3-2,   small. 

Pedipalp  with  a  short,  l)lunt  tibial  apo- 
physis. Tarsus  with  a  globose  genital  bulb 
drawn  out  into  a  long  neck  with  a  \'ery 
small,  conical,  sclerotized  embolus  tip  with 
a  distinct  twist  (Figs.  170,  171). 
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FEMALE 

Measurements.  Based  on  holotype  and 
10  females,  holotype  listed  first,  but  not 
included  in  range  of  rest  \\'hich  follows: 
carapace  length  3.20  mm,  3.30-3.90  mm; 
carapace  width  1.75  mm,  1.95-2.30  mm; 
carapace  index  54,  57-59;  sternum  length 
1.45  mm,  1.55-1.80  mm;  sternum  width 
0.95  mm,  1.10-1.20  mm;  sternum  index  64, 
66-72. 

Femur  IV  length  2.20  mm,  2.40-2.95  mm; 
femur  IV  width  0.55  mm,  0.60-0.70  mm; 
leg  thickness  index  25,  23-26;  leg  length 
index  68,  71-77. 

Abdomen  length  4.65  mm,  3.3.5-5.55  mm, 
abdomen  width  2.10  mm,  1.7.5-3.10  mm; 
abdomen  index  45,  52-64;  dorsal  sclerite 
length  1.50  mm,  1.30-1.50  mm;  dorsal 
sclerite  width  0.85  mm,  0.85-1.05  mm; 
dorsal  sclerite  index  59,  62-75. 

Description.  Carapace  long,  dark  red- 
brown,  with  fine  light  hairs,  and  cephalic 
region  slightly  lighter.  Head  narrow 
(  cephalic  width  index  59-65 )  and  smoothly 
truncated  anteriorly.  Eyes  slightly  raised, 
posterior  eyes  moderately  small  and  equal, 
anterior  median  eyes  larger,  and  anterior 
lateral  eyes  much  smaller.  Eyes  bordered 
in  black.  Carapace  quite  narrow  posteriorly. 
Thoracic  grooxe  moderately  small. 

Abdomen  elongated  oval,  with  a  mod- 
erately small,  long,  red-brown  dorsal  scle- 
rite and  covered  with  yellow-white  and 
brown  hairs.  Light  hair  pattern — cross 
band  over  sclerite  followed  by  a  short 
stripe,  a  thin  median  stripe,  and  a  wide 
posterior  stripe  (Fig.  182).  Epigastric 
sclerite  red-brown.  A  pair  of  light  lines 
from  sides  of  epigastric  furrow  to  a  small, 
brownish,  inframammilliary  sclerite.  First 
pair  of  abdominal  setae  hairlike  and  very 
long,  second  pair  moderate  and  short. 

Sternum  shield-shaped,  long,  and  dark 
red-brown,  with  fine,  long  hairs.  Short 
pedicel. 

Chelicerae  red-brown,  with  two  moder- 
ate retromargin  teeth  and  two  promargin 


teeth,  the  distal  larger  and  the  proximal 
smaller  than  the  promargin  teeth;  a  very 
small  denticle  just  distal  and  medial  to  the 
larger  promargin  tooth. 

Coxae  all  light  yellow- white  (IV  slightly 
darker).  Trochanter  IV  notch  moderately 
small. 

Femora  I  and  IV  red-brown,  lightening 
at  distal  end,  femora  II  and  III  striped — 
yellow  with  red-brown  sides.  Rest  of  legs 
I  and  II — patellae-tibiae  yellow-white, 
metatarsi  and  tarsi  yellow;  rest  of  leg  III — 
patella-tibia  striped  like  femur,  metatarsus 
orange,  tarsus  yellow;  rest  of  leg  IV — 
patella  orange,  tibia  dark  red-brown  with 
distal  orange  tips,  metatarsus  dark  red- 
brown,  tarsus  dark  yellow-bro\Mi.  Legs 
moderately  hirsute.  Tibia  I  ventral  spina- 
tion:    3-2,  moderate. 

External  epigynum  with  two  small  open- 
ings (Fig.  169 j.  Internal  structure  with 
globose  spermathecae  having  fairl)-  narrow 
posterior  necks   ( Fig.  168 ) . 

Diagnosis.  Males  of  Castianeira  duhia 
differ  from  other  Castianeira  in  their 
genitalia  ( very  small  conical  embolus ) ,  ab- 
dominal pattern,  and  abdomen  index  (.34- 
38).  The  females  have  a  wide  posterior 
band  of  \ellow-white  hairs  on  the  abdomen. 

Remarks.  The  Mexican  form  (the  holo- 
type) has  slightly  smaller  epigynal  open- 
ings and  a  narrower  posterior  stripe.  This 
abdominal  pattern  may  be  associated  with 
mutillid  wasp  mimicry. 

Natural  liistonj.  Nothing  is  known  of 
the  habits  of  this  species. 

Distribution.  Southern  Mexico  and  Cen- 
tral America   (Map   10). 

Records.    MEXICO.    Tabasco. 

COSTA   RICA.    Turrialba. 

PANAMA.    Bocas   del  Toro,   Portobelo. 

CANAL  ZONE.  Barro  Colorado  Island, 
Madden   Dam   Forest. 

Castianeira  zembia  new  species 
Figures  176,  177,  187.    Map  10. 

Holotype.  Male  from  Ocosingo,  Chiapas, 
xMexico,'25-VI-1950  (C.  and  M.  Goodnight, 
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and  L.  J.  Stannard);  in  the  American 
Museum  of  Natural  History.  The  specific 
name  is  a  noun  in  apposition  from  the 
name  of  a  fictitious  country  in  "Pale  Fire" 
by  Vladimir  Nabokov. 

MALE 

Measurements.  Based  on  one  male  holo- 
type:  carapace  length  2.95  mm;  carapace 
width  1.65  mm;  carapace  index  56;  sternum 
length  1.55  mm;  sternum  width  0.95  mm; 
sternum  index  60. 

Femur  IV  length  2.15  mm;  femur  IV 
width  0.55  mm;  leg  thickness  index  27; 
leg  length  index  71. 

Abdomen  length  4.10  mm;  abdomen 
width  1.25  mm;  abdomen  index  30. 

Embolus  length  0.10  mm;  bulb  length 
0.86  mm;  male  genital  index  11. 

Description.  Carapace  deep,  almost  black, 
maroon;  slightly  lighter  in  head  region, 
hairless,  with  a  punctate  surface.  Head 
narrow  (cephalic  width  index  56)  and 
smoothly  truncated  anteriorly.  Eyes  equal 
and  moderate,  except  anterior  median  eyes 
about  twice  as  large  as  the  anterior  lateral 
eyes.    Thoracic  groove  moderately  strong. 

Abdomen  with  a  full,  dark  maroon  dorsal 
sclerite,  cylindrical,  very  narrow  and  long, 
and  pinched  very  slightly  in  middle  (Fig. 
187).  Anterior  portion  with  some  white 
hairs,  and  whole  surface  punctate.  Epi- 
gastric sclerite  maroon,  and  elongated  rec- 
tangular ventral  sclerite  red-brown  (slightly 
constricted  in  middle).  Small  red-brown 
inframammilliary  sclerite.  First  pair  of  ab- 
dominal setae  extremely  thin,  second  pair 
thin.    Short  but  distinct  abdominal  petiole. 

Sternum  shield-shaped,  fairly  long,  red- 
brown,  punctate  and  almost  setae-less. 
Pedicel  short. 

Chelicerae  brown,  with  two  moderate 
retromargin  teeth  and  two  promargin  teeth, 
the  distal  one  larger  and  the  proximal  one 
smaller  than  the  retromargin  teeth.  A  small 
distinct  denticle  medial  and  distal  to  larger 
promargin  tooth. 

Coxae  I  and  II  very  light  yellow-brown. 


III  yellow-brown,  IV  base  brown,  lighten- 
ing at  distal  end.  Trochanter  IV  with  a 
moderate  curved  notch. 

Femora  I,  III,  and  IV  dark  red-brown; 
II  red-brown  (darker  on  sides),  lightening 
at  distal  tips.  Rest  of  I  and  II,  Hght  yellow 
patellae  and  tibiae  striped  with  retrolateral 
sides  of  brown;  rest  of  III  yellow-brown, 
with  light  tarsus;  rest  of  IV  reddish-brown, 
with  light  tarsus.  Tibia  I  ventral  spination: 
2-2,  moderately  small.   Legs  lightly  hirsute. 

Pedipalp  with  a  very  short  tibial  apo- 
physis. Tarsus  with  globose  genital  bulb 
drawn  out  into  a  long  neck  with  a  straight, 
moderately  short  embolus  with  a  clear 
twist  at  the  end  (Fig.  176,  177). 

Dias:nosis.  Castianeira  zembla  differs 
from  other  diihia  group  species  in  its 
elongated  abdomen  (abdomen  index  30) 
and  in  its  genitalia  (embolus  very  distinct 
from  rest  of  genital  bulb ) . 

Remarks.  This  species  is  closely  related 
to  C.  duhia  and  is  probably  an  ant  mimic. 

Natural  history.  Nothing  is  known  of  the 
habits  of  this  species. 

Distribution.  Known  only  from  its  type 
locality  in  Chiapas,  Mexico  (Map  10). 

Records.   MEXICO.   Chiapas. 

Castianeira  rica  new  species 

Figures  162-165,  188,  189.   Map  10. 

Holotype.  Male  from  Institute  Inter- 
americano  Ciencias  Agricolas,  Turrialba, 
Costa  Rica,  VII/VIII-1965  (J.  Reiskind); 
in  the  Museum  of  Comparative  Zoology. 
The  specific  name  is  from  the  Spanish 
adjective  meaning  rich. 

MALE 

Measurements.  Based  on  holotype  and 
9  males;  holotype  listed  first,  range  of  all 
follows:  carapace  length  2.60  mm,  2.40- 
2.65  mm;  carapace  width  1.45  mm,  1.40- 
1.50  mm;  carapace  index  56,  55-57;  sternum 
length  1.30  mm,  1.20-1.30  mm;  sternum 
width  0.85  mm,  0.80-0.90  mm;  sternum 
index  65,  65-68. 

Femur  IV  length  2.50  mm,  2.30-2.55  mm; 
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femur  IV  width  0.45  mm,  0.35-0.45  mm; 
leg  thickness  index  18,  15-19;  leg  length 
index  95,  88-96. 

Abdomen  length  3.30  mm,  3.20-3.60  mm; 
abdomen  width  1.10  mm,  1.10-1.30  mm; 
abdomen  index  34,  33-38. 

Embolus  length  0.10  mm,  0.08-0.11  mm; 
bulb  length  0.82  mm,  0.78-0.85  mm;  male 
genital  index  12,   10-14. 

Description.  Carapace  orange,  with  some 
short,  dark  hairs  on  thoracic  region  and 
longer  white  hairs  on  cephalic  region.  Head 
narrow  (cephalic  width  index  55-57)  and 
smoothly  truncated  anteriorly.  Eyes  mod- 
erate, equal  (except  anterior  lateral  eyes 
smaller  than  the  rest),  and  bordered  in 
browii-black.     Thoracic    groove    moderate. 

Abdomen  an  elongate  cylinder  moder- 
ately constricted  in  middle,  with  a  full 
dorsal  sclerite,  red-brown  at  anterior  with 
yellow  hairs,  bright  orange  at  constriction 
with  whitish  hairs,  followed  by  a  band  of 
dark  hair,  and  the  posterior  third  with 
yellow  hair  on  orange-brown  sclerite  base 
(Fig.  188).  Dark  reddish  brown  epigastric 
sclerite,  long  ventral  sclerite  from  red- 
brown  (anterior)  to  yellow-orange  (pos- 
terior). Very  small  orange-browai  inframam- 
milliary  sclerite.  First  pair  of  abdominal 
setae  very  thin  and  very  long,  second  pair 
very  thin  but  only  moderately  long. 

Sternum  shield-shaped  and  yellow,  with 
a  few  long,  thin  setae. 

Chelicerae  dark  yellow,  with  two  mod- 
erate retromargin  teeth  and  two  promargin 
teeth,  the  distal  one  larger  and  the  proximal 
one  smaller  than  the  retromargin  teeth; 
with  a  very  small  denticle  just  medial  and 
distal  to  the  larger  promargin  tooth. 

Coxae  I-III  white,  coxa  IV  light  yellow. 
Trochanter  IV  notch  moderately  small. 

Femora  I  and  II  yellow.  III  yellow- 
orange,  all  with  lateral  sides  slightly  darker. 
All  tarsi  cream  colored.  Rest  of  I  and  II 
very  light  yellow;  rest  of  III  yellow-orange; 
all  of  I\'  orange-brown.  Tibia  I  ventral 
spination:     3-2,   thin    (proximal   prolateral 


spine    smaller    than    rest).     Legs    lightly 
hirsute. 

Pedipalp  with  a  blunt,  short,  tibial  apo- 
physis. Tarsus  with  globose  genital  bulb 
drawn  out  into  a  long  neck  with  a  straight 
moderately  short  embolus  with  a  distinct 
twist  at  the  tip  (Figs.  164,  165). 

FEMALE 

Measurements.  Based  on  10  females: 
carapace  length  2.95-3.30  mm;  carapace 
width  1.65-1.90  mm;  carapace  index  57-59; 
sternum  length  1.40-1.60  mm;  sternum 
width  0.95-1.10  mm;  sternum  index  68-73. 

Femur  IV  length  2.20-2.40  mm;  femur 
IV  width  0.50-0.55  mm;  leg  thickness  index 
22-23;  leg  length  index  72-76. 

Abdomen  length  2.85-3.85  mm;  abdomen 
width  1.40-2.35  mm;  abdomen  index  46-64; 
dorsal  sclerite  length  1.30-1.50  mm;  dorsal 
sclerite  width  0.95-1.15  mm;  dorsal  sclerite 
index  68-77. 

Description.  Carapace  red-brown  (slightly 
lighter  in  cephalic  region),  with  sparse, 
short,  white  hairs,  longer  on  cephalic 
region.  Head  narrow^  ( cephalic  width  index 
57-59)  and  smoothly  truncated  anteriorly. 
Eyes  moderately  large  and  all  equal,  except 
the  anterior  lateral  eyes  almost  half  the 
size  of  the  other  eyes.  Thoracic  groove 
moderate. 

Abdomen  a  wide  oval,  with  a  moderately 
large,  red-brown,  anterior  dorsal  sclerite 
and  faint  light  horizontal  hair  stripes — two 
wide  bands  over  the  sclerite  followed  by  a 
pair  of  spots  and  a  thin  median  band.  Tlie 
brownish  black  abdomen  with  some  hori- 
zontal light  pigmentation  bands  on  pos- 
terior half  (Fig.  189).  Dark  red-brown 
epigastric  sclerite  and  small  red-brown 
inframammilliary  sclerite.  Ventrum  with 
a  longitudinal  white  bar  and  two  horizontal 
oval  white  spots  on  each  side  just  above 
mid-line.  Both  pairs  of  abdominal  setae 
very  thin  and  long. 

Sternum  shield-shaped,  yellow-orange, 
with  very  sparse,  thin  setae. 

Chelicerae  orange-brown,  with  two  mod- 
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erate  retromargin  teeth  and  two  promargin 
teeth,  the  distal  one  larger  and  the  proximal 
one  smaller  than  the  retromargin  teeth; 
with  a  very  small  denticle  just  medial  and 
distal  to  the  larger  promargin  tooth. 

Coxa  I  brownish  white,  II  and  III  cream 
white,  IV  yellow-brown.  Trochanter  IV 
notch  fairly  small. 

Femur  I  dark  brown,  femur  II  deep 
yellow  with  brown  lateral  sides,  femora  III 
and  IV  orange-brown,  darker  on  lateral 
sides.  Patella-tibia  I  yellow-white,  rest  of 
I  yellow-brown;  patella-tibia  II  light  yel- 
low, rest  of  II  deep  yellow;  rest  of  III  deep 
yellow-orange;  patella-tibia  IV  from  light 
red-brown  proximally  to  red-brown  distally, 
metatarsus  IV  light  red-brown,  tarsus  IV 
light  yellow-brown.  Tibia  I  ventral  spina- 
tion:  3-2,  with  moderately  long  and  thin 
spines.    Legs  moderately  hirsute. 

External  epigynum  with  widely  separated, 
moderately  large  circular  openings  (Fig. 
162).  Internal  structure  with  globose 
spermathecae  narrowing  to  fairly  thin  pos- 
terior necks  (Fig.  161). 

Diagnosis.  Males  of  Castianeira  rica 
differ  from  other  dubia  group  species  in 
their  bright  orange  color.  Tlie  females  have 
a  distinct  abdominal  pattern. 

Remarks.  Castianeira  rica-  is  an  ant- 
mimicking  spider  exhibiting  strong  sexual 
dimorphism. 

Natural  history.  Tliis  species  is  found  on 
dead  leaves  in  shady  areas.  It  walks  with 
an  ant-like  gait;  the  first  pair  of  legs  is 
raised,  giving  an  illusion  of  antennae.  The 
reddish  male  appears  to  mimic  reddish 
ectatommine  or  attine  ants,  whereas  the 
darker  female  mimics  darker  and  slightly 
larger  ponerines. 

C.  rica  makes  a  slightly  oval,  disclike, 
white  egg  case  on  the  underside  of  dead 
leaves.  Of  seven  egg  cases  studied,  one 
had  seven  eggs,  two  had  eight  eggs,  two 
had  nine  eggs,  and  one  had  ten  eggs  (an 
average  of  8.6  eggs  per  case). 

Distribution.  Southern  Mexico  to  Costa 
Rica  (Map  10). 


Records.    MEXICO.    Chiapas. 
COSTA  RICA.    Turrialba. 

The  alba  Group 

Castianeira  alba  new  species 

Figures   143,   144,   157,   158,   160,   161. 
Map  10. 

Holotypc.  Female  from  the  Institute 
Interamericana  Ciencias  Agri colas,  Tur- 
rialba, Costa  Rica,  VII/VIII-1965  (J.  Reis- 
kind);  in  the  Museum  of  Comparative 
Zoology.  The  specific  name  is  an  adjective 
meaning  white. 

MALE 

Measurements.  Based  on  8  males:  cara- 
pace length  2.75-3.25  mm;  carapace  width 
1.95-2.25  mm;  carapace  index  69-72;  ster- 
num length  1.25-1.45  mm;  sternum  width 
1.05-1.25  mm;  sternum  index  81-88. 

Femur  IV  length  2.20-2.55  mm;  femur 
IV  width  0.65-0.75  mm;  leg  thickness  index 
29-31;  leg  length  index  78-81. 

Abdomen  length  3.1.5-3.70  mm;  abdomen 
width  1.70-1.95  mm;  abdomen  index  52-58. 

Embolus  length  0.16-0.21  mm;  bulb 
length  0.98-1.16  mm;  male  genital  index 
16-18. 

Description.  Carapace  maroon-brown, 
with  short  white  hairs  in  a  wide  longitudi- 
nal band,  with  two  wide  lateral  bands 
(hairs  longer  in  cephaHc  region),  and  be- 
tween the  bands  two  longitudinal  bands  of 
black  hair.  Head  narrow  (cephalic  width 
index  47-50)  and  smoothly  truncated  an- 
teriorly. Eyes  moderate  and  all  about  equal, 
except  anterior  lateral  eyes  smaller  than 
the  rest.  Tlioracic  groove  moderately 
strong. 

Abdomen  a  long  oval,  with  a  full,  dark 
maroon,  dorsal  sclerite  covered  with  black 
and  white  hairs — white  hair  pattern  with 
two  wide  horizontal  white  hair  bands  at 
anterior  end  followed  by  two  white  spots, 
then  a  medial  white  hair  band  split  medially 
and  attached  to  the  preceding  spots,  then 
followed    by    a    pair    of    small    spots    and 
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three  narrow  horizontal  bands  (Fig.  157). 
Epigastric,  full  ventral  and  moderate  in- 
franianimilliary  sclerites  maroon  with  dark 
liairs.  First  pair  of  abdominal  setae  very 
thin  and  long,  second  pair  moderately  thin 
and  shorter. 

Sternum  red-brown  with  very  sparse, 
tliin  setae. 

Chelicerae  red-brown,  \\  ith  two  moderate 
retromargin  teeth  and  two  promargin 
teeth,  the  distal  one  larger  and  the  proximal 
one  smaller  then  the  retromargin  teeth; 
a  very  small  denticle  just  medial  and  distal 
to  the  larger  promargin  tooth. 

Coxae  light  orange-brown  (hind  ones 
darker).    Trochanter   IV   notch   moderate. 

Femora  I  and  II  orange-brown.  III  and 
I\'  dark  red-brown.  Rest  of  legs  I  and  II 
from  yellow-orange  proximally  to  light  yel- 
low distally;  rest  of  leg  III  from  red-brown 
to  yellow;  rest  of  leg  IV  dark  maroon-brown 
patella-tibia  and  metatarsus  and  yellow- 
brown  tarsus.  Legs  heavily  hirsute  with 
abundant  black  and  white  hairs  on  femora 
and  white  hairs  at  both  ends  of  tibia  IV. 
Tibia  I  ventral  spination:  3-2,  moderately 
thick  and  short. 

Pedipalp  with  a  blunt,  almost  negligible, 
tibial  apophysis.  Tarsus  with  a  globose 
genital  bulb  drawn  out  into  a  long  neck 
with  a  stout,  straight  embolus  and  a  ter- 
minal twist    (Figs.   143,   144). 

FEMALE 

Measurements.  Based  on  holotypc  and 
5  females,  holotype  listed  first,  range  of  all 
follows:  carapace  length  3.70  mm,  3.25- 
3.75  mm;  carapace  width  2.55  mm,  2.45- 
2.75  mm;  carapace  index  69,  69-75;  sternum 
length  1.65  mm,  1.60-1.75  mm;  sternum 
width  1.35  mm,  1.30-1.40  mm;  sternum 
index  82,  80-82. 

Femur  IV  length  2.65  mm,  2.50-2.80 
mm;  femur  IV  width  0.80  mm,  0.75-0.90 
mm;  leg  thickness  index  30,  30-32;  leg 
length  index  72,  72-76. 

Abdomen  length  4.20  mm,  4.20-4.40  mm; 
abdomen  width  2.65  mm,  2.65-2.75  mm; 


abdomen  index  63,  62-63;  dorsal  sclerite 
length  1.30  mm,  1.15-1.40  mm;  dorsal 
sclerite  width  1.00  mm,  0.95-1.10  mm; 
dorsal  sclerite  index  76,  76-83. 

Description.  Carapace  dark  maroon- 
brown,  with  short  white  hairs  in  a  wide 
longitudinal  band,  with  two  wide  lateral 
bands  (hairs  longer  in  cephalic  region), 
and  between  these  bands  two  longitudinal 
bands  of  black  hair.  Head  narrow  (cephalic 
width  index  52-57 )  and  smoothly  truncated 
anteriorly.  Eyes  moderate  and  all  about 
equal,  except  anterior  lateral  eyes  much 
smaller  than  the  rest.  Thoracic  groove  mod- 
erately strong. 

Abdomen  a  wide  oval,  with  a  moderately 
small,  maroon  dorsal  sclerite  and  covered 
with  black  and  white  hairs — two  wide 
horizontal  white  hair  bands  at  anterior 
end  followed  by  a  pair  of  white  spots,  then 
a  white  hair  band  split  medially,  then 
finally  by  a  series  of  about  six  thin  white 
hair  bands  ( sometimes  pairs  of  spots )  ( Fig. 
158).  Epigastric  sclerite  red-brown.  Ven- 
trum  with  a  pair  of  parallel  light  stripes 
down  the  center,  a  pair  of  white  hair  spots 
on  each  side.  A  small  maroon  inframam- 
milliary  sclerite.  Both  pairs  of  abdominal 
setae  thin  and  long. 

Sternum  shield-shaped,  red-brown,  with 
moderately  thin,   sparse   setae. 

Chelicerae  dark  red-brown,  with  two 
moderate  retromargin  teeth  and  two  pro- 
margin  teeth,  the  distal  one  larger  and  the 
proximal  one  smaller  than  the  retromargin 
teeth;  with  a  very  small  denticle  just  medial 
and  distal  to  the  larger  promargin  tooth. 

Coxae  all  brown.  Trochanter  IV  notch 
moderate. 

Femora  all  red-brown,  hind  femora  much 
darker.  Rest  of  legs  I  and  II  yellow-brown; 
rest  of  leg  III  fairly  dark  red-brown,  with 
yellow-brown  tarsus;  rest  of  leg  IV  dark 
red-brown,  with  a  yellow-brown  tarsus. 
Legs  heavily  hirsute,  with  black  and  white 
hairs  abundant  on  femora  and  at  both  ends 
of  tibia  IV.  Tibia  I  ventral  spination:  3-2, 
moderate. 
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External  epigynum  with  two  fairly  small, 
high  openings  (Fig.  161).  Internal  struc- 
ture with  globose  spermathecae  extended 
with  thick  necks  posteriorly  (Fig.  160). 

Diagnosis.  The  anterior  median  eyes  of 
Castianelra  alba  are  larger  than  the  laterals, 
the  carapace  is  very  wide  (carapace  index 
69-75),  and  the  abdominal  pattern  is 
distinct,  distinguishing  it  from  all  other 
Castianeira. 

Remarks.  This  species  has  the  eye  ar- 
rangement of  the  cluhia  group,  but  the  fe- 
male genitaha  and  body  proportions  are 
radically  different.  The  latter  characters 
are  probably  the  result  of  C.  aJha's  non- 
mimetic  habits. 

Natural  history.  This  species  is  found  on 
dead  leaves  and  sticks  in  sunht  areas. 
Usually  it  rests  under  the  edge  of  a  leaf; 
it  runs,  never  walks,  from  under  one  leaf 
to  under  another.  Sometimes  this  spider 
suns  itself  for  up  to  about  30  seconds, 
pumping  its  abdomen  up  and  down  in  the 
same  manner  as  Castianeira  variata. 

C.  alba  makes  an  almost  round,  white, 
disclike  egg  sac  on  the  undersides  of  dry, 
dead  leaves.  Of  four  egg  sacs  studied,  one 
had  12  eggs,  one  had  17,  and  two  had  14 
(an  average  of  16.3  eggs  per  case). 

Distribution.  Costa  Rica  to  Panama 
(Map  10). 

Records.  COSTA  RICA.  Turrialba. 

PANAMA.    Boquete. 

CANAL  ZONE.  Barro  Colorado  Island, 
Chilibre,  Fort  Sherman,  France  Field,  Sum- 
mit. 

The  similis  Group 

Castianeira  similis  (Banks),  new  combination 
Figures  166,  167,  184-186.   Map  11. 

Myrmecohjpus  similis  Banks,  1929,  Bull.  Mus. 
Conip.  Zool.  69:61,  fig.  70,  "  $ ."  Penultimate 
female  holotype  from  Barro  Colorado  Island, 
Panama  Canal  Zone;  in  the  Museum  of  Com- 
parative Zoology,  examined. 

FEMALE 

Measurements.  Based  on  2  females: 
carapace   length   4.15-5.10   mm;    carapace 


width  2.30-2.75  mm;  carapace  index  54- 
56;  sternum  length  1.95-2.35  mm;  sternum 
width  1.15-1.45  mm;  sternum  index  59-62. 
Femur  IV  length  3.05-3.75  mm;  femur 
IV  width  0.65-0.70  mm;  leg  thickness  index 
19-21;  leg  length  index  74. 

Abdomen  length  5.45-6.10  mm;  abdomen 
width  2.05-2.45  mm;  abdomen  index  37-40; 
dorsal  sclerite  length  1.70-2.10  mm;  dorsal 
sclerite  width  1.10^1.30  mm;  dorsal  sclerite 
index  63-66. 

Description.  Carapace  deep  maroon- 
black,  punctate,  surface  with  long  white 
hairs  on  head  region.  Head  region  dis- 
tinguished from  the  thorax  region  by  a 
slight  impression  reinforced  with  black 
hairs.  Head  narrows  ( cephalic  width  index 
6.5-67)  and  is  distinctly  truncated  ante- 
riorly (Fig.  186).  Eyes  equal,  except  an- 
terior median  eyes  almost  twice  as  large 
as  anterior  lateral  eyes.  Thoracic  groove 
strong. 

Abdomen  elongated  and  ponerine-like, 
with  a  fairly  small,  red-brown,  dorsal  scle- 
rite and  a  slight  median  constriction  ( Figs. 
184,  185).  Several  horizontal  bands  of 
blackish  hairs  and  many  very  long,  thin 
setae.  Epigastric  sclerite  red-brown.  Ven- 
trum  with  a  lighter  elongated  area  con- 
stricted in  middle,  with  a  small,  red-brown 
inframammilliaiy    sclerite. 

Sternum  long,  shield-shaped,  dark  red- 
brown,  and  covered  with  fine  setae.  Pedicel 
short. 

Chelicerae  dark  red-brown,  with  two 
moderately  large  retromargin  teeth,  the 
distal  one  slightly  larger,  and  two  promargin 
teeth,  the  distal  one  larger  and  the  proximal 
one  smaller  than  the  retromargin;  with  a 
small  denticle  just  medial  and  distal  to 
the  larger  promargin  tooth. 

Coxae  I-III  bright  white;  coxa  IV  with 
basal  half  red-brown,  distal  half  bright 
wliite.   Trochanter  IV  notch  small. 

Femora  I  and  II,  proximal  two-thirds 
red-brown,  distal  one-third  white;  femora 
III  and  IV  red-browai.  Rest  of  I  and  II 
with   strongly   striped   patellae   and   tibiae 
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MAP 
•   Castianeira   cubaiia 
O    C.    siiiiilis 
□    C.    giiapa 
■   C.    niemnonia 
A   C.    abuelita 

( lateral  and  dorsal  stripes  of  dark  brown  on 
white),  metatarsus  I  dark  maroon-brown, 
metatarsus  II  red-brown,  tarsus  I  yellow, 
tarsus  II  yellow-brown;  rest  of  III  dark 
red-brown,  except  yellow-brown  tarsus; 
rest  of  IV  dark  red-brown.  Tibia  I  ventral 
spination:  3-3,  strong  and  long.  Legs 
lightly   hirsute    but   fairly   heavily    spiney. 

External  epigynum  with  two  round 
openings  (Fig.  167).  Internal  structure 
with  rounded,  saclike  spermathecae  and 
short,  thick  posterior  necks  (Fig.  166). 

Diagnosis.  This  veiy  large  species  (cara- 
pace length  4.15-5.10  mm)  has  a  wide 
cephalic  region,  thin  legs  (leg  tliickness 
index  19-21),  and  long,  simple 
posterior  of  abdomen. 

Remarks.  Castianeira  similis  was 
scribed  by  Banks  (1929)  from  an  immature 
female  whose  non-genitalic  characters 
closely  match  those  of  two  mature  females 
from  Yucatan.  It  is  not  closely  related  to 
Castianeira  salticina  Taczanowski,  as  Banks 
(1929)  claimed. 

The  species  has  a  ponerine-like  abdomen 


US   on 


de- 


(Fig.  184),  most  dramatic  when  viewed 
laterally,  the  spinnerets  placed  where  the 
sting  is  located  in  a  ponerine  ant. 

Natural  history.  Nothing  is  known  of  the 
habits  of  this  species,  but  it  is  undoubtedly 
a  ponerine  ant  mimic. 

Distribution.  Yucatan,  Panama,  probably 
Central  America  (Map  11). 

Records.  MEXICO.  Quintana  Roo, 
Yucatan. 

CANAL  ZONE.    Barro  Colorado  Island. 

The  memnonia  Group 

Castianeira  memnonia  (C.  L.  Koch) 
Figures  178-181,  194-196.    Map  11. 

Corinna  memnonia  C.  L.  Koch,  1842,  Die  Arachni- 
den  9:20-21,  fig.  704,  ?,  from  Colombia  (in- 
cluded Panama  before  1903 ) ;  lost. 

Thargalia  inemnonia:  Karsch,  1880,  Z.  Ges. 
Natm-wiss.  53:376. 

Castaneira  memnonia:  Simon,  1897,  Histoire 
NaUirelles    des    Araignees    2(1):167. 

Castianeira  memnonia:  Banks,  1929,  Bull.  Mus. 
Comp.  Zool.  69(3):59,  pi.  1,  fig.  11,  pi.  3, 
fig.  50,  pi.  4,  fig.  64,  $,  ? .  Chickering,  1937, 
Trans.  Amer.  Microscop.  Soc.  56(1  ):4,  figs.  44, 
61,    S. 
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MALE 

Measurements.  Based  on  9  males:  cara- 
pace length  2.50-3.05  mm;  carapace  width 
1.40-1.70  mm;  carapace  index  5.5-58;  ster- 
num length  1.15-1.40  mm;  sternum  width 
0.75-0.95  mm;  sternum  index  64-71. 

Femur  IV  length  2.60-3.20  mm;  femur 
IV  width  0.40-0.50  mm;  leg  thickness  index 
15-17;  leg  length  index  94-110. 

Abdomen  length  3.05-3.90  mm;  abdomen 
width  1.15-1.45  mm;  abdomen  index  36-41. 

Description.  Carapace  orange-brown, 
with  some  white  hairs,  longer  in  cephalic 
region.  Head  narrow  ( cephalic  width  index 
51-55)  and  smoothly  truncated  anteriorly 
(Fig.  180).  Eyes  raised — posterior  eyes 
large  and  equal,  anterior  median  eyes  very 
much  larger,  anterior  lateral  eyes  much 
smaller  (Fig.  179).  Thoracic  groove  mod- 
erate. 

Abdomen  elongated,  with  a  smooth, 
median  constriction,  with  a  full  red-brown 
sclerite,  anterior  half  darker  than  the  pos- 
terior half,  with  some  white  hairs  in  a 
horizontal  band  at  the  constriction  ( Fig. 
181 ) .  Epigastric  sclerite  red-brown.  Nar- 
row, orange-brown  ventral  sclerite  and  a 
small,  orange-brown  inframammilliary  scle- 
rite. First  pair  of  abdominal  setae  very 
thin,  second  pair  thin,  both  pair  long. 

Sternum  shield-shaped,  long,  orange- 
brown,  with  some  short,  very  fine,  sparse 
hairs  and  several  thin  setae. 

Chelicerae  light-brown,  with  two  moder- 
ately large  retromargin  teeth  and  three 
promargin  teeth,  the  median  larger,  the 
proximal  smaller,  and  the  distal  very  much 
smaller  than  the  retromargin  teeth. 

Coxae  all  cream  white.  Trochanter  IV 
notch  small. 

Femora  I-III  striped  with  brown  sides 
and  yellow-bro\\'n  ventrally  and  dorsally 
(lighter  distally  and  darker  on  leg  III), 
femur  IV  dark  red-brown,  slightly  striped; 
rest  of  legs  I  and  II  light  yellow-brown 
(except  metatrasus  I,  bro\\Ti);  rest  of  leg 
III    with    patella,    tibia,    and    metatarsus 


striped  (lateral  sides  brown)  and  tarsus 
yellow-bro\\ii;  rest  of  leg  IV  red-bro\\Ti, 
except  a  yellow-brown  tarsus.  Legs  lightly 
hirsute.  Tibia  I  ventral  spination:  3-3, 
moderately  small. 

Pedipalp  \\  ith  a  heavy,  blunt,  tibial  apo- 
physis. Tarsus  with  a  large  globose  bulb 
drawn  into  a  short  thick  neck  and  a  doubly 
hooked  terminal  sclerotized  section,  the 
tip  of  the  cymbium  curved  ventrally  (Fig. 
196). 

( This  is  a  fairly  lightly  pigmented  speci- 
men. ) 

FEMALE 

Measurements.  Based  on  8  females: 
carapace  length  2.95-3.50  mm;  carapace 
width  1.6.5-1.95  mm;  carapace  index  55-57; 
sternum  length  1.30-1.65  mm;  sternum 
width  0.95-1.10  mm;  sternum  index  65-73. 

Femur  IV  length  3.0.5-3.75  mm;  femur 
IV  width  0.4.5-0.60  mm;  leg  thickness  index 
15-17;  leg  length  index  102-108. 

Abdomen  length  4.00-5.40  mm;  abdomen 
width  1.6.5-2.50  mm;  abdomen  index  33-62; 
dorsal  sclerite  length  1.10-1.50  mm;  dorsal 
sclerite  width  0.60-0.80  mm;  dorsal  sclerite 
index  48-60. 

Description.  Carapace  dark  reddish- 
bro\Mi,  elongated,  with  short  whitish  hairs, 
longer  hair  on  cephalic  region.  Head  nar- 
row (cephalic  width  index  57-62)  and 
smoothly  truncated  anteriorly.  Eyes  raised 
— posterior  eyes  large  and  equal,  anterior 
median  eyes  very  much  larger,  anterior 
lateral  eyes  much  smaller.  Thoracic  groove 
moderately  weak. 

Abdomen  elongated,  sHghtly  constricted 
in  middle,  \\ith  a  very  dark,  red-brown, 
elongated,  moderately  small  dorsal  sclerite. 
Three  horizontal  bands  of  white  hairs — 
one  at  posterior  edge  of  sclerite,  one  at 
constriction,  and  one  near  posterior  end; 
rest  of  dorsum  with  brownish  hairs  (Fig. 
178).  Epigastric  sclerite  dark  red-brown. 
Two  thin  light  stripes  from  sides  of  epi- 
gastric furrow  to  area  just  anterior  to  the 
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spinnerets.  First  pair  of  abdominal  setae 
\er)'  thin  and  long,  second  pair  thin  and 
long. 

Sternum  shield-shaped,  long,  and  ven,' 
dark  red-brown,  with  some  short,  \ery 
fine,  sparse  hairs. 

Chelicerae  ver}-  dark  red-brown,  with 
two  moderately  large  retromargin  teeth  and 
three  promargin  teeth,  the  median  larger, 
the  proximal  smaller,  and  the  distal  much 
smaller  than  the  retromargin  teeth. 

Coxa  I  browTi,  coxae  II-I\^  light  )ellow- 
white.    Trochanter  I\'  notch  very  small. 

Femora  deep  maroon-brown,  distal  ends 
of  femora  I  and  II  slightly  striped;  rest 
of  legs  I  and  II  with  patella-tibia  yellow 
(sides  of  patella  darker),  metatarsi  yellow- 
brown,  tarsi  yellow  (leg  II  darker);  rest 
of  legs  III  and  IV  dark  red-bro\Mi,  with 
tarsi  }ellow-bro\\Ti.  Legs  fairly  lightly 
hirsute.  Tibia  I  ventral  spLnation:  .3-3, 
long  and  moderatelv  thin. 

External  epigynum  two  thin  horizontal 
slits  (Fig.  195).  Internal  structure  with  a 
large  saclike  spermathecae  with  two  small, 
twisted,    posterior    extensions    (Fig.    194). 

Diagnosis.  Castioneira  memnonia  differs 
from  all  other  Costianeira  in  its  genitalia. 

Remarks.  Of  all  the  Castianeirinae  in 
North  and  Central  America,  this  species 
comes  closest  to  that  of  the  type-species, 
Castiancira  rubicunda,  with  its  male  geni- 
talia having  the  same  type  of  twisted  end 
as  in  the  type-species.  C.  memnonia  is 
probably  a  generalized  ponerine  ant  mimic. 

Xatural  history.  Nothing  is  known  of 
the  habits  of  this   species. 

Distribution.    Panama  (Map  11). 

Records.  CANAL  ZONE.  Barro  Colo- 
rado Island,  Diablo,  Forest  Reserve. 

The  cub  an  a  Croup 

Characteristics.  Small  (male  carapace 
length  1.65-2.15  mm;  female  carapace 
length  1.7.5-2.40  mm),  with  a  carapace 
index  57-63.  Cephalic  region  fairly  wide 
( cephalic  width  index  60-73 )  and  the  cara- 
pace  high   and    rounded.     Eyes    equal    or 


anterior  median  eyes  larger  than  anterior 
lateral  eyes.  Thoracic  groove  weak.  Fe- 
male epigyna  with  fairly  wide,  slightly 
twisted  spermathecal  necks. 

Discussion.  This  group  includes  the  very 
Mijrmecotijpus-like  C.  cubana  (Banks)  and 
two  other  species.  The  presence  of  the 
thoracic  groove  and  the  eye  arrangements 
clearly  place  the  group  in  the  Castianeira. 

Castianeira  cubana  (Banks),  new  combina- 
tion.   Figures  216-219,  276.    Map  11. 

Myrmecohjpus  cubanus  Banks,  1926,  Trans. 
Entomol.  Soc.  London  74:433-434,  fig.  1,  pi. 
93,  fig.  2,  S ,  imm.  9 .  Male  holot>  pe  from 
Soledad,  Cuba;  in  the  Museum  of  Comparative 
Zoology,  examined. 

MALE 

Measurements.  Based  on  holotype  and  7 
males,  holotype  listed  first,  range  of  all 
follows:  carapace  length  1.75  mm,  1.65- 
1.95  mm;  carapace  width  1.10  mm,  1.00- 
1.15  mm;  carapace  index  64,  58-64;  sternum 
length  0.75  mm,  0.70-0.75  mm;  sternum 
width  0.65  mm,  0.60-0.65  mm;  sternum 
index  83,  78-86. 

Femur  IV  length  1.20  mm,  1.05-1.30  mm; 
femur  IV  width  0.30  mm,  0.30-0.40  mm; 
leg  thickness  index  24,  24-3.3;  leg  length 
index  69,   64-69. 

Abdomen  length  1.70  mm,  1.70-2.05  mm; 
abdomen  width  1.20  mm,  0.95-1.25  mm; 
abdomen  index  72,  54-73. 

Embolus  length  0.07  mm,  0.06-0.07  mm; 
bulb  length  0.60  mm,  0.56-0.60  mm;  male 
genital  index  11,  10-12. 

Description.  Carapace  orange-brown  and 
hairless.  Eyes  fairly  small  and  equal,  except 
the  anterior  median  eyes  almost  twice  the 
diameter  of  anterior  laterals,  anterior  row 
recurved  and  posterior  row  almost  straight 
when  \iewed  dorsally,  the  posterior  row 
about  one-fifth  wider  than  the  anterior  row. 
Carapace  somewhat  narrow  in  cephalic 
region  (cephalic  width  index  66-70)  and 
roundly  truncated  anteriorly.  Thoracic 
groove  weak. 

Abdomen   short  and   drop-like,  with   an 
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almost  full,  dark  brown  dorsal  sclerite  and 
light  pubescence  (Fig.  276).  Ventral  ab- 
domen with  a  dark  orange-brown  epigastric 
sclerite,  and  rectangular,  red-browii  ventral 
sclerite.  Both  pairs  of  abdominal  setae  very 
thin.    No  petiole,  and  pedicel  very  short. 

Sternum  dark  orange-brown  and  fairly 
wide  and  shield-like,  with  no  setae. 

Chelicerae  light  orange-brown,  with  t^vo 
moderate  retromargin  teeth  and  two  pro- 
margin  teeth,  the  distal  one  much  larger 
and  the  proximal  one  slightly  smaller  than 
the  retromargin  teeth.  A  small,  distinct 
denticle  just  distal  and  slightly  median  to 
the  larger  promargin  tooth. 

Coxa  I  brown,  coxae  II,  III,  and  IV 
white.    Trochanter  IV  notch  small. 

Legs  red-brown,  all  femora  and  legs  III 
and  IV  darker,  rest  of  legs  I  and  II  lighter. 
Legs  moderately  hirsute.  Tibia  I  ventral 
spination:    3-2,  small. 

Pedipalp  with  no  tibial  apophysis.  Tarsus 
with  a  globose  genital  bulb  dra^\^l  out  into 
a  long  neck  with  a  short,  straight  embolus. 
Distinctive  looping  in  genital  bulb  (Figs. 
218,219). 

FEMALE 

Measurements.  Based  on  8  females: 
carapace  length  1.75-2.05  mm;  carapace 
width  1.05-1.20  mm;  carapace  index  58-63; 
sternum  length  0.70-0.85  mm;  sternum 
width  0.5.5-0.70  mm;  sternum  index  77-87. 

Femur  IV  length  1.10-1.40  mm;  femur 
IV  width  0.30-0.35  mm;  leg  thickness  index 
2.'^31;  leg  length  index  63-70. 

Abdomen  length  1.85-2.20  mm;  abdomen 
width  1.30-1.85  mm;  abdomen  index  67-88; 
dorsal  sclerite  length  1.35-1.85  mm;  dorsal 
sclerite  width  1.30-1.60  mm;  dorsal  sclerite 
index  75-119. 

Description.  Carapace  orange-bro\\ai  and 
hairless.  Eyes  fairly  small  and  equal,  except 
the  anterior  median  eyes  almost  twice  the 
diameter  of  the  anterior  laterals,  anterior 
row  recurved  and  posterior  row  almost 
straight  when  viewed  dorsally.  Carapace 
somewhat  narrow  in  cephalic  region   (ce- 


phalic   width    index    64-73)    and    roundly 
truncated  anteriorly.  Tlioracic  groove  weak. 

Abdomen  short  and  wide,  with  a  large, 
dark  red-brown  dorsal  sclerite;  some  hght 
hairs  on  sclerite  and  dark  gray-brown  ab- 
domen. Ventrum  gray-brown.  Both  pairs 
of  abdominal  setae  very  thin.  No  petiole, 
pedicel  very  short. 

Sternum  shield-shaped,  red-brown,  with 
some  thin  hairs. 

Chelicerae  light  orange-browTi  with  two 
moderate  retromargin  teeth  and  two  pro- 
margin  teeth,  the  distal  one  much  larger 
and  the  proximal  one  slightly  smaller  than 
the  retromargin  teeth.  A  small  distinct 
denticle  just  distal  and  slightly  median  to 
the  larger  promargin  tooth. 

Coxa  I  brown,  coxae  II-IV  white.  Tro- 
chanter I\'  notch  small. 

Femur  I  red-brown,  lightening  to  yellow 
distally,  femora  II-IV  striped — dorsal,  pro- 
and  retrolateral  brown  striped  on  yellow 
(darker  yellow  in  IV) — the  yellow  areas 
reinforced  by  light  hairs.  Rest  of  legs  I  and 
II  with  patellae,  tibiae,  and  metatarsi 
striped — brown  sides  on  light  yellow;  tarsi 
Hght  yellow.  Rest  of  III,  patella-tibia  red- 
brown  (slightly  striped),  metatarsus  red- 
brown,  tarsus  yellow-orange.  Rest  of  leg 
IV,  red-brown  patella-tibia,  dark  red-brown 
metatarsus,  orange  tarsus.  Legs  moderately 
hirsute.  Tibia  I  ventral  spination:  3-2, 
moderately  small. 

External  epigynum  with  tAvo  small,  semi- 
circular openings  directed  medially  (Fig. 
216).  Internal  structure  with  rounded  sac- 
like spennathecae  narrower  at  posterior 
ends   (Fig.  217). 

Diafinosis.  C.  cuhana  differs  from  other 
species  in  the  cuhana  group  in  its  single- 
colored  carapace,  its  large  anterior  median 
eyes,  and  its  male  genitalia  (male  genital 
index  10-12),  which  has  an  extra  loop  in 
the  main  palpal  duct  (Fig.  218). 

Remarks.  T\\  o  distinct  color  forms  of  this 
species  exist:  a  Cuban-Texan-Floridian 
fonn,  with  an  orange  to  red-brown  cara- 
pace and  a  browTi  coxa  I,  and  a  Panamanian 
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form,  ^^•ith  a  deep  brown-black  carapace 
and  wliite  coxa  I.  The  two  forms  have 
similar  dimensions  and  genitalia. 

Natural  history.  Castiancira  cuhana 
( Banks )  is  a  mimic  of  Camponotus  pJanatus 
Roger,  resembling  the  ant  both  in  color 
and  gait — the  first  pair  of  legs  moving 
"in  a  manner  at  once  suggesti\e  of  the 
movements  of  an  ant's  antennae"  (Mvers 
and  Salt,  1926). 

Distribution.  Cuba,  Texas,  Florida,  and 
Panama  (Map  11). 

Records.  Florida.  Dade  Co.  Texas. 
Cameron  Co. 

CUBA.  Cienaga  de  Zapata,  Soledad. 

PANAMA.    Arraijan,  Boquete. 

CANAL  ZONE.  Barro  Colorado  Island, 
Experimental   Gardens,    Summit. 

Casfianeira  guapa  new  species 

Figures  212-215,  277,  278.   Map  11. 

Holotype.  Male  from  Summit,  Panama 
Canal  Zone,  23/28- VIII-1950  (A.  M.  Chic- 
kering);  in  the  Museum  of  Comparative 
Zoology.  Tlie  specific  name  is  the  Spanish 
word   for  handsome. 

MALE 

Measurements.  Based  on  holotype  and 
3  males,  holotype  hsted  first,  range  of  all 
follows:  carapace  length  2.05  mm,  1.80- 
2.15  mm;  carapace  width  1.20  mm,  1.05- 
1.20  mm;  carapace  index  59,  57-59;  sternum 
length  0.95  mm,  0.85-0.95  mm;  sternum 
width  0.65  mm,  0.60-0.70  mm;  sternum 
index  68,  68-74. 

Femur  IV  length  1.55  mm,  1.30-1.60  mm; 
femur  IV  width  0.40  mm,  0.30-0.40  mm; 
leg  thickness  index  27,  24-27;  leg  length 
index  75,  71-75. 

Abdomen  length  2.25  mm,  1.90-2.25  mm; 
abdomen  width  1.30  mm,  1.10-1.30  mm; 
abdomen  index  57,  55-58. 

Embolus  length  0.13  mm,  0.11-0.13  mm; 
bulb  length  0.70  mm,  0.61-0.70  mm;  male 
genital  index  19,  18-19. 

Description.  Carapace  with  yellow- 
orange  cephalic  region,  dark  brown  thoracic 


region  covered  with  white  hairs,  and  long 
w^hite  hairs  on  cephalic  region.  Eyes  mod- 
erately small,  posterior  eyes  equal,  anterior 
median  eyes  somewhat  larger  and  anterior 
lateral  eyes  smaller  than  the  posterior  eyes. 
Eyes  bordered  in  black.  Carapace  nar- 
rowed in  cephalic  region  (cephalic  width 
index  58-64)  and  roundly  truncated  an- 
teriorh-.    Thoracic  groove  w^eak. 

Abdomen  a  droplike  oval  (widening 
posteriorly),  with  an  almost  full,  dark  red- 
brown  dorsal  sclerite  with  three  horizontal 
bands  of  white — a  narrow  one  near  an- 
terior end,  wide  median  and  posterior 
bands  ( the  latter  of  long  hairs ) .  Epigastric 
sclerite  dark  red-browai,  \'entral  sclerite 
(almost  full)  and  small  inframammilliary 
sclerite  red-brown.  Both  pairs  of  abdominal 
setae  very  thin  and  long. 

Sternum  sliield-shaped,  orange-brown 
with  some  dark  patches  opposite  the  pos- 
terior coxae,  with  thin,  light  hairs. 

Chelicerae  light  yellow-orange,  with  two 
moderately  small  retromargin  teeth  and 
tw^o  promargin  teeth,  the  distal  one  larger, 
the  proximal  smaller  than  the  retromargin 
teeth.  Slight  trace  of  a  denticle  median 
and  distal  to  larger  promargin  tooth. 

Coxa  I  light  brown,  coxae  II-1\"  yellow- 
white  (IV  slightly  darker).  Trochanter 
IV  notch  small. 

Femora  I  and  II  light  browii  lightening 
to  \ellow-white  at  distal  end,  femora  III 
and  I\'  dark  brown  with  pairs  of  yellow 
with  white  hair  stripes  on  both  sides  of 
femoral  dorsa.  Rest  of  legs  I  and  II  yellow- 
white,  rest  of  leg  III  with  striped  patella- 
tibia  (dark  brown  sides  and  dorsum), 
\'ellow-browai  metatarsus,  yellow-white 
tarsus,  rest  of  leg  IV  with  striped  patella- 
tibia — dark  bro\\n  with  a  single  dorsal- 
retrolateral,  \ellow-white  stripe — dark  red- 
bro\\n  metatarsus  and  tarsus  \\i\h.  a  dark 
brown  base  and  yellow-white  distal  half, 
Legs  moderately  hirsute.  Tibia  I  ventral 
spination:  3-2,  small  and  weak  (proximal 
ones  smaller). 

Pedipalp  with  a  moderate,  blunt,  tibial 
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apophysis.  Tarsus  with  a  globose  genital 
bulb  drawn  out  into  a  long  neck  with  a 
curved,  fairlv  long  embolus,  clubbed  at  tip 
(Figs.  214,  215). 

FEMALE 

Measurements.  Based  on  2  females: 
carapace  length  2.25-2.40  mm;  carapace 
width  1.35-1.40  mm;  carapace  index  58-59; 
sternum  length  1.00-1.05  mm;  sternum 
width  0.75  mm;  sternum  index  75. 

Femur  IV  length  1.65-1.75  mm;  femur 
IV  width  0.40  mm;  leg  thickness  index  24; 
leg  length  index  73-74. 

Abdomen  length  2.60-2.85  mm;  abdomen 
width  1.65-1.75  mm;  abdomen  index  61-63; 
dorsal  sclerite  length  0.9G-0.95  mm;  dorsal 
sclerite  width  0.85  mm;  dorsal  sclerite  index 
87-93. 

Description.  Carapace  with  a  bright 
yellow-orange  cephalic  region,  dark  brown 
thoracic  region  covered  with  some  white 
hairs  (Fig.  278).  Eyes  moderately  small, 
posterior  eyes  equal,  anterior  median  eyes 
somewhat  larger  and  anterior  lateral  eyes 
smaller  than  the  posterior  eyes.  Eyes 
bordered  in  black.  Carapace  narrowed  in 
cephalic  region  (cephalic  width  index  63- 
66)  and  roundly  truncated  anteriorly. 
Thoracic  groove  extremely  weak. 

Abdomen  droplike  oval,  with  a  moderate, 
dark  red-brown  dorsal  sclerite  and  three 
horizontal  bands  of  white  hairs — a  narrow 
one  over  the  sclerite,  and  broad  median 
and  posterior  bands  over  a  purple-brown 
ground  (Fig.  277).  Red-brown  epigastric 
and  small  inframammilliary  sclerites.  Ven- 
trum  with  a  pair  of  light  lines  from  each 
side  of  epigastric  furrow  to  the  posterior 
sclerite.  First  pair  of  abdominal  setae  very 
thin  and  long,  second  pair  thin  and  long. 

Sternum  shield-shaped,  orange-brown, 
with  some  dark  patches  opposite  the  pos- 
terior coxae,  with  thin,  light  hairs  and  a 
few  long  setae. 

Chelicerae  yellow,  with  two  moderately 
small  retromargin  teeth  and  two  promargin 


teeth,  the  distal  one  larger,  the  proximal 
smaller  than  the  retromargin  teeth.  Slight 
trace  of  a  denticle  median  and  distal  to 
larger  promargin  tooth. 

Coxa  I  brown,  coxae  II-IV  creamy-white. 
Trochanter  IV  notch  small. 

Femora  I  and  II  light-brown  hghtening 
to  yellow-white  at  distal  end,  femora  III 
and  IV  dark  brown  with  pairs  of  yellow 
with  white  hair  stripes  on  both  sides  of 
femoral  dorsa.  Rest  of  legs  I  and  II  yellow- 
white;  rest  of  leg  III  with  striped  patella- 
tibia  (dark  brown  sides  and  dorsum),  yel- 
low-brown metatarsus,  yellow- white  tarsus; 
rest  of  leg  IV  with  striped  patella-tibia — 
dark  brown  with  a  single  dorsal-retrolateral 
yellow-white  stripe — dark  red-brown  meta- 
tarsus and  tarsus  with  a  dark  brown  base 
and  yellow-white  distal  half.  Legs  moder- 
ately hirsute.  Tibia  I  ventral  spination: 
3-2,  moderate. 

External  epigynum  with  two  very  small, 
semicircular  openings  directed  medially 
(Fig.  213).  Internal  structure  with  bag- 
like spermathecae  with  twisted  necks  ( Fig. 
212). 

Diagnosis.  Castiancira  giiapa  differs 
from  all  other  cuhana  group  species  in  its 
bicolored  carapace  (cephalic  region  much 
lighter)  and  its  distinctive  embolus  on  the 
male  pedipalp. 

Remarks.  This  is  the  least  Myrmecotypm- 
like  of  the  three  species  in  the  cuhana 
group,  with  eyes  approximately  equal  and 
a  moderately  small  dorsal  abdominal  scle- 
rite. 

Natural  history.  Nothing  is  known  of  the 
habits  of  this  species. 

Distrihution.    Panama  (Map  11). 

Records.  CANAL  ZONE.  Balboa,  Barro 
Colorado  Island,  Corozal,  Fort  Clayton, 
Summit. 

Casfianeira  obuelita  new  species 
Figures  220,  221,  279.   Map  11. 
Holotype.    Female  from  Barro  Colorado 

Island,   Panama   Canal   Zone,   30- VII- 1954 
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(A.  M.  Chickering);  in  the  Museum  of 
Comparative  Zoology.  The  specific  name  is 
from  the  Spanish  noun  meaning  "grandma." 

FEMALE 

Measurements.  Based  on  holotype  and 
3  females,  holotype  listed  first,  range  of  all 
follows:  carapace  length  2.25  mm,  2.25- 
2.30  mm;  carapace  width  1.40  mm,  1.40- 
1.45  mm;  carapace  index  63,  62-63;  sternum 
length  1.05  mm,  1.05  mm;  sternum  width 
0.80  mm,  0.80-0.85  mm;  sternum  index  77, 
77-81. 

Femur  IV  length  1.60  mm,  1.55-1.65  mm; 
femur  IV  width  0.50  mm,  0.45-0.50  mm; 
leg  thickness  index  32,  .30-32;  leg  length 
index  70,  69-71. 

Abdomen  length  2.65  mm,  2.55-2.90  mm; 
abdomen  width  1.60  mm,  1.55-1.75  mm; 
abdomen  index  60,  60-61;  dorsal  sclerite 
length  1.55  mm,  1.35-1.65  mm;  dorsal 
sclerite  width  1.20  mm,  1.20-1.30  mm; 
dorsal  sclerite  index  79,  79-95. 

Description.  Carapace  dark  red-brown, 
vaulted  high,  with  white  hairs,  longer  in 
cephalic  region.  Eyes  moderate,  equal,  and 
bordered  in  black.  Carapace  narrow  in 
cephalic  region  (cephalic  width  index  60- 
63 )  and  roundly  truncated  anteriorly. 
Thoracic  groove  small. 

Abdomen  oval,  with  a  moderately  large, 
red-brown  dorsal  sclerite  (over  one-half 
length  of  abdomen),  and  with  a  complex 
pattern  of  white  and  dark  hairs — pre- 
dominantly white  hairs,  with  several  com- 
plete and  incomplete  bands  of  dark  hairs — 
a  major  wide  dark  band  just  posterior  to 
the  sclerite.  Epigastric  and  very  small 
inframammilhary  sclerites  red-brown.  Ven- 
trum  covered  with  \\hite  hairs.  First  pair 
of  abdominal  setae  very  thin  and  long, 
second  pair  thin  and  shorter. 

Sterniun  shield-shaped,  red-brown,  and 
covered  with  light,  long  hairs. 

Chelicerae  dark  red-brown,  with  two 
moderately  small  retromargin  teeth  and  two 
promargin  teeth,  the  distal  larger  and  the 


proximal  smaller  than  the  retromargin 
teeth.    No  denticle  present. 

Coxa  I  brown,  coxae  II-IV  yellow-white. 
Trochanter  IV  notch  moderate. 

Femora  I  and  II  dark  browai  lightening 
to  yellow-white  distally;  femur  III  striped — 
dark  brown  sides,  yellow  dorsum  and 
ventrum  (with  white  hairs  on  dorsum); 
femur  IV  deep  red-brown,  with  some 
white  hairs  with  a  light  yellow  distal 
tip.  Rest  of  legs  I  and  II  yellow-white; 
rest  of  leg  III  yellow  with  dark  brown  on 
both  sides  of  patella  and  retrolateral  side 
of  tibia  and  metatarsus;  rest  of  leg  IV 
patella-tibia  and  metatarsus  deep  red- 
brown,  with  proximal  end  of  patella  and 
distal  end  of  tibia  yellow,  the  latter  with 
heavy  white  hairs,  white  hair  striping  on 
tibia  and  metatarsus,  tarsus  yellow.  Legs 
moderately  hirsute.  Tibia  I  ventral  spina- 
tion:    2-1,  moderate. 

External  epigynum  with  two  semicircular, 
small  openings,  opening  laterally  (Fig. 
221).  Internal  structure  with  somewhat 
globose  spermathecae  narrowing  to  twisted 
necks  (Fig.  220). 

Diagnosis.  C.  ahueJita  differs  from  other 
ciihana  group  species  in  the  white  hairs  on 
the  carapace  and  the  hair  pattern  on  the 
abdomen  (Fig.  279).  Also,  the  epigynal 
openings  are  small  and  directed  laterally 
(Fig.  221). 

Remarks.  Tliis  species  is  intermediate 
in  dorsal  abdominal  sclerite  size  and  eye 
sizes  between  C.  cuhana  and  C.  guapa. 

Natural  history.  Nothing  is  known  of 
the  habits  of  this  species. 

Distribution.    Panama  (Map  11). 

Records.  CANAL  ZONE.  Barro  Colo- 
rado Island,  Chilibre,  France  Field. 

The  peregrina  Group 

Castianeira  peregrina  (Gertsch) 
Figure  207.    Map  12. 

Mazax  peregrina  Gertsch,  1935,  Amer.  Mus.  Novit. 
No.  805:5,  fig.  .30,  9,  from  5  miles  S.  San  Juan, 
Texas;  in  the  American  Museum  of  Natural 
History,   examined. 
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Castianeira  peregrina:    Gertscli  and  Davis,   1940, 
.\mer.   Mus.   Novit.  No.    1069:14. 

FEMALE 

Measurements.  Based  on  holotype  and 
one  female,  holotype  listed  first,  range  of 
both  follows:  carapace  length  1.95  mm, 
1.95-2.05  mm;  carapace  width  1.30  mm, 
1.30^1.40  mm;  carapace  index  67,  67;  ster- 
num length  0.90  mm,  0.90-0.95  mm;  ster- 
num width  0.75  mm,  0.75-0.85  mm;  ster- 
num index  86,  86-87. 

Femur  IV  length  1.40  mm,  1.40-1.50  mm; 
femur  IV  \\'idth  0.35  mm,  0.35-0.40  mm; 
leg  thickness  index  26,  24-26;  leg  length 
index  72,  72-73. 

Abdomen  length  2.05  mm,  2.05-2.90  mm; 
abdomen  width  1.25  mm,  1.25-1.75  mm; 
abdomen  index  61,  61;  dorsal  sclerite 
length  1.05  mm,  0.95-1.05  mm;  dorsal 
sclerite  width  0.95  mm,  0.95-1.05  mm; 
dorsal  sclerite  index  88,  88-110. 

Description.  Carapace  dark  yellow,  with 
some  dark  markings,  and  hairless.  Head 
narrow  (cephalic  width  index  53-58)  and 
smoothly  truncated  anteriorly.  Posterior 
eyes  equal,  anterior  median  eyes  somewhat 
larger  and  anterior  lateral  eyes  somewhat 
smaller.  Eyes  bordered  in  black.  Tlioracic 
groove  moderately  weak. 

Abdomen  oval,  with  a  large,  dark  red- 
brown  dorsal  sclerite  (over  half  the  length 
of  the  abdomen ) ,  with  a  pair  of  white  hair 
spots  just  posterior  to  the  sclerite,  rest  of 
dorsum  greyish  puiple.  Epigastric  and 
small  inframammilliary  sclerites  orange- 
brown.  Four  faint  parallel  stripes  from  the 
epigastric  furrow  towards  the  spinnerets. 
First  pair  of  abdominal  setae  very  thin, 
second  pair  moderately  thin. 

Sternum  shield-shaped  and  wide,  yellow- 
brown,  with  sparse,  thin  setae. 

Chelicerae  light  yellow-brown,  with  two 
moderate  retromargin  teeth  and  two  pro- 
margin  teeth,  the  distal  larger  and  the 
proximal  smaller  than  the  retromargin  teeth. 
A  minute  denticle  just  medial  and  distal 
to  the  larger  promargin  tooth. 


Coxa  I  very  light  brown,  coxae  Il-IV 
light  yellow-white.  Trochanter  IV  notch 
moderately  small. 

Femora  I-III  striped  with  brown  on  sides 
and  rest  yellow,  femur  IV  dark  yellow- 
brown.  Rest  of  legs  I  and  II  light  yellow- 
white,  rest  of  leg  III  light  yellow,  rest 
of  leg  IV — red-brown  patella-tibia,  with 
distinct  light  yellow  proximal  end  of  patella 
and  distal  end  of  tibia,  dark  red-brown 
metatarsus,  and  yellow-brown  tarsus.  Legs 
lightly  hirsute.  Tibia  I  ventral  spination: 
2-1,  small. 

External  epigynum  with  two  small, 
highly  sclerotized,  semicircular  openings 
directed  laterally  (Fig.  207).  Internal  struc- 
ture with  globose  spermathecae  extended 
posteriorly  as  outwardly  curving  necks. 

Diagnosis.  C.  peregrina  is  a  small  spider 
with  the  anterior  median  eyes  larger  than 
the  laterals,  but  it  differs  from  the  cuhana 
group  in  its  narrower  cephalic  region  (ce- 
phalic width  index  53-58)  and  from  the 
cincta  group  in  the  absence  of  any  cheliceral 
apical  "rake"  or  claw. 

Remarks.  This  species  is  closely  related 
to  the  cuhana  group,  and  in  its  large  ab- 
dominal dorsal  sclerite  and  eye  size  re- 
sembles Castianeira  cuhana. 

Natural  history.  Nothing  is  known  of 
the  habits  of  this  species. 

Distrihution.   Southern  Texas  (Map  12). 

Records.    Texas.   Hidalgo  Co. 

The  cincta  Group 

Characteristics.  Very  small  spiders  (male 
carapace  length  1.10-1.60  mm;  female  cara- 
pace length  1.20-1.75  mm),  with  very  wide 
carapaces  (male  carapace  index  70-76;  fe- 
male carapace  index  66-76)  and  narrow 
cephalic  regions  (male  cephalic  width 
index  47-55;  female  cephalic  width  index 
51-58).  A  "rake"  or  large  claw  at  apex  of 
each  chelicera  in  the  females.  Thoracic 
groove  moderate  to  absent. 

Di.scu.ssion.  This  group  includes  three 
very  distinct  species  whose  common  char- 
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MAP    12 
•  Castianeira   dentata 
o  C.    cincta 
D  C.    triniac 
■  C.    peregriiia 


acters  are  small  size,  wide  heads,  and 
growths  at  the  apices  of  the  chelicerae. 
These  "rakes"  or  claws  are  probably  adapta- 
tions to  digging  (like  the  rastellum  in  some 
mygalomorphs),  though  nothing  is  known 
of  the  habits  of  these  spiders.  For  these 
reasons  this  group  may  well  be  an  artificial 
one  based  on  the  convergence  of  functional 
characters. 

Castianeira  cincta  (Banks),  new  combina- 
tion  Figures  190-193,  266,  267.  Map  12. 

Myrmecotypiis  cincttis  Banks,  1929,  Bull.  Mus. 
Comp.  Zool.  69(3)  :60,  pi.  4,  fig.  56,  $,  from 
Mt.  Hope,  Panama  Canal  Zone;  in  the  Museum 
of  Comparative  Zoology,  examined. 

MALE 

Measurements.  Based  on  7  males:  cara- 
pace length  1.2.5-1.45  mm;  carapace  width 
0.90-1.05  mm;  carapace  index  72-75;  ster- 
num length  0.6.5-0.75  mm;  sternum  width 
0.60-0.70  mm;  sternum  index  88-95. 

Femur  IV  length  0.95-1.15  mm;  femur 


IV  width  0.2.5-0..30  mm;  leg  thickness  index 
2.5-28;  leg  length  index  75-80. 

Abdomen  length  1.3.5-1.60  mm;  abdomen 
width  0.80-0.95  mm;  abdomen  index  57-61. 

Embolus  length  0.0.3-0.04  mm;  bulb 
length  0.47-0.56  mm;  male  genital  index 
6-7. 

Description.  Carapace  fairly  wide,  yel- 
low-orange with  some  dark  brown  mark- 
ings, and  hairless.  Eyes  fairly  large  and 
almost  equal,  the  anteriors  slightly  smaller 
than  the  posteriors.  Head  narrow  (ce- 
phalic width  index  52-55)  and  smoothly 
truncated  anteriorly.  Tlioracic  groove  mod- 
erately weak. 

Abdomen  an  oval  with  a  full,  orange- 
brown  sclerite  with  three  wide  horizontal 
light  stripes  (with  some  wliite  hair). 
Epigastric  sclerite,  wide  rectangular  ventral 
sclerite,  and  moderately  large  inframam- 
milliarv'  sclerite  yellow-orange.  First  pair 
of  abdominal  setae  very  thin,  second  pair 
moderate. 
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Sternum  mottled  yellow  and  brown, 
shiny,  wide,  and  hairless. 

Ciiehcerae  light  yello\\',  with  two  moder- 
ate retromargin  teeth,  the  distal  one  smaller 
than  the  proximal,  and  two  promargin 
teeth,  the  distal  one  slightly  larger  than  the 
larger  retromargin  tooth,  the  proximal  one 
the  same  size  as  the  distal  retromargin 
tooth.  A  small  denticle  distal  to  the  larger 
promargin  tooth.  Row  of  heavy  spines  at 
promargin  side  of  cheliceral  apex. 

Coxae  all  cream  white.  Trochanter  IV 
notch  moderately  small. 

Femora  I  and  II  yellow;  femora  III  and 
IV  striped — yellow  with  brown  lateral  sides. 
Rest  of  legs  I  and  II  yellow-white;  rest  of 
leg  III  yellow,  tibia  striped  like  femur, 
tarsus  yellow- white.  Tibia  I  ventral  spina- 
tion:  3-2,  long  and  moderately  strong, 
except  proximal  prolateral  spine  moderately 
small. 

Pedipalp  with  a  short,  sharp  tibial  apo- 
physis. Tarsus  with  a  globose  genital  bulb 
dravvai  out  into  a  long  neck  with  a  very 
short  sclerotized  embolus  (Figs.  192,  193). 

FEMALE 

Measurements.  Based  on  holotype  and 
8  females,  holotype  listed  first,  range  of  all 
follows:  carapace  length  1.65  mm,  1.50- 
1.65  mm;  carapace  width  1.20  mm,  1.10- 
1.20  mm;  carapace  index  75,  71-75;  ster- 
num length  0.85  mm,  0.7.5-0.85  mm;  ster- 
num width  0.80  mm,  0.70-0.80  mm;  ster- 
num index  96,  90-96. 

Femur  IV  length  1.40  mm,  1.20-1.40  mm; 
femur  IV  width  0.35  mm,  0.30-0.35  mm; 
leg  thickness  index  24,  24-26;  leg  length 
index  84,  78-84. 

Abdomen  length  2.15  mm,  1.60-2.20  mm; 
abdomen  width  1.45  mm,  1.L5-1.55  mm; 
abdomen  index  67,  62-78;  dorsal  sclerite 
length  0.70  mm,  0.50-0.70  mm;  dorsal 
sclerite  width  0.65  mm,  0.65-0.80  mm; 
dorsal  sclerite  index  91,  91-135. 

Description.  Carapace  fairly  wide, 
orange-brown,  and  hairless.  Eyes  fairly 
large  and  almost  equal,  the  anteriors  (es- 


pecially the  anterior  median  eyes)  slightly 
smaller  than  the  posteriors;  anterior  row 
recurved,  posterior  row  procurved  when 
viewed  dorsally,  the  posterior  row  slightly 
wider  than  the  anteriors.  Carapace  con- 
siderably narrowed  in  cephalic  region  (ce- 
phalic width  index  54-58)  and  roundly 
truncated  anteriorly.  Thoracic  groove  mod- 
erately strong. 

Abdomen  oval,  with  a  small  orange- 
brown  sclerite.  Rest  of  dorsum  grey-brown 
with  two  wide,  white,  horizontal  stripes, 
one  over  sclerite  and  one  in  middle  (Fig. 
266).  Abdomen  with  light  pubescence. 
\'entral  abdomen  with  an  orange-brown 
epigastric  sclerite  and  a  small  orange- 
brown  inframammilliary  sclerite.  First  pair 
of  abdominal  setae  very  thin,  second  pair 
moderate  and  fairly  short.  Petiole  and 
pedicel  negligible. 

Sternum  orange-brown,  with  sparse,  thin 
setae. 

Chelicerae  orange,  with  two  moderate 
retromargin  teeth,  the  distal  one  smaller 
than  the  proximal,  and  two  promargin 
teeth,  the  distal  one  slightly  larger  than 
the  larger  retromargin  tooth,  the  proximal 
one  the  same  size  as  the  distal  retromargin 
tooth.  A  small  denticle  distal  to  larger 
promargin  tooth.  Row  of  heavy  spines  at 
promargin  side  of  cheliceral  apex  (Fig. 
267). 

Coxae  light  yellow-white.  Trochanter 
IV   notch   moderate. 

Femora  yellow-brown  with  red-brown 
sides.  Rest  of  I  and  II  dark  yellow;  rest 
of  III  light  yellow-browTi;  patella  IV  yel- 
low, tibia  IV  striped  like  femur,  metatarsus 
IV  red-brown  (lighter  distally),  tarsus 
yellow-brown.  Tibia  I  ventral  spination: 
3-3,  long  and  strong. 

External  epigynum  with  two  high  circu- 
lar openings  (Fig.  191).  Internal  structure 
with  globose  spermathecae  having  narrow 
posterior  necks  (Fig.  190). 

Diagnosis.  Castianeira  cincta  differs  from 
other  Castianeira  in  its  wide  carapace 
(carapace  index  71-75),  cheliceral  "rake" 
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in  the  female  (Fig.  267),  and  the  male 
genitalia   (with  a  very  short  embolus). 

Remarks.  The  presence  of  a  thoracic 
groove  and  the  eye  arrangement  clearly 
place  this  spider  in  the  Casfiancira. 

Natural  history.  Nothing  is  known  of  the 
habits  of  this  species. 

Distribution.    Panama   (Map  12). 

Records.  CANAL  ZONE.  Barro  Colo- 
rado Island,  Chilibre,  Farfan,  Mt.  Hope, 
Summit. 

Casfianeira  denfafa  Chickering 

Figures  197-200,  271-273.    Map   12. 

Co.stianeira  deniaia  Chickering,  1937,  Trans.  Amer. 
Microscop.  Soc.  56(l):3-4,  figs.  8,  19,  55,  $, 
from  Barro  Colorado  Island,  Panama  Canal 
Zone;  in  the  Museum  of  Comparative  Zoology, 
examined. 

Casfianeira  pusilla  Chickering,  1937,  Trans.  Amer. 
Microscop.  Soc.  56(l):7-8,  figs.  3,  47,  $,  from 
Barro  Colorado  Island,  Panama  Canal  Zone; 
in  the  Museum  of  Comparati\e  Zoology,  ex- 
amined.    NEW   SYNONYMY. 

MALE 

Measurements.  Based  on  10  males:  cara- 
pace length  1.40-1.60  mm;  carapace  width 
1.05-1.15  mm;  carapace  index  72-76;  ster- 
num length  0.70-0.75  mm;  sternum  width 
0.65-0.70  mm;  sternum  index  87-92. 

Femur  IV  length  1.10-1.25  mm;  femur 
IV  width  0.35-0.40  mm;  leg  thicbiess  index 
30-34;  leg  length  index  79-81. 

Abdomen  length  1.85-2.05  mm;  abdomen 
w  idth  0.95-1.10  mm;  abdomen  index  53-58. 

Embolus  length  0.21-0.25  mm;  bulb 
length  0.62-0.67  mm;  male  genital  index 
17-19. 

Description.  Carapace  dark  brown  and 
hairless.  Eyes  moderate,  raised — posteriors 
equal,  anterior  median  eyes  larger  and  an- 
terior lateral  eyes  smaller  (Fig.  271).  Head 
narrow  (cephalic  width  index  47-50)  and 
smoothly  truncated  anteriorly.  Thoracic 
groove  moderately  weak. 

Abdomen  a  wide  oval,  wider  posteriorly, 
and  totally  covered  by  a  deep  red-brown 
dorsal  sclerite  with  short  plumose  hairs 
and  heavily  punctate  with  three  horizontal 


bands  of  white  hairs  ( Fig.  272 ) .  First  pair 
of  abdominal  setae  thin,  second  pair  strong 
and  stout. 

Sternum  orange-brown,  with  some  fine 
hairs. 

Chelicerae  red-brown,  with  two  moder- 
ate retromargin  teeth  and  two  promargin 
teeth,  the  distal  one  larger  and  the  proximal 
one  smaller  than  the  retromargin  tooth;  a 
small  denticle  just  median  and  distal  to 
the  distal  promargin  tooth.  Four  heavy, 
serrated  setae  at  the  promargin  side  of 
each  chelicera  apex  (not  as  heavy  as  in  the 
female ) . 

Coxae  I  and  IV  light  brown,  coxa  III 
tan,  and  coxa  II  creamy  white.  Trochanter 
IV  notch  moderatelv  small. 

Femora  all  dark  reddish  bro\Mi  (lighten- 
ing to  light  yellow  at  distal  end).  Rest  of 
legs  I  and  II  yellow;  rest  of  leg  III  with 
striped  patella-tibia  (yellow  with  brown 
sides)  and  yellow-brown  metatarsus  and 
tarsus;  rest  of  leg  IV  red-brown,  with  a 
yellow-orange  tarsus.  Legs  moderately 
hirsute.  Tibia  I  ventral  spination:  3-3, 
moderately  small  (the  proximal  spines 
much     smaller). 

Pedipalp  with  no  tibial  apophysis.  Tarsus 
with  globose  genital  bulb  drawn  out  into 
a  long  neck  with  a  straight,  thin  embolus, 
slightly  curved  near  tip   (Figs.  199,  200). 

FEMALE 

Measurements.  Based  on  holotype  and 
9  females,  holotype  listed  first,  range  of  all 
follows:  carapace  length  1.65  mm,  1.60- 
1.75  mm;  carapace  width  1.25  mm,  1.15- 
1.30  mm;  carapace  index  75,  73-76;  sternum 
length  0.85  mm,  0.75-0.90  mm;  sternum 
width  0.75  mm,  0.70-0.80  mm;  sternum 
index  89,  88-96. 

Femur  IV  length  1.35  mm,  1.20-1.50  mm; 
femur  IV  width  0.40  mm,  0..35-0.45  mm; 
leg  thickness  index  30,  29-31;  leg  length 
index  81,  78-87. 

Abdomen  length  2.40  mm,  1.95-2.40  mm; 
abdomen  width  1.65  mm,   1.40-1.80  mm; 
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abdomen  index  69,   67-80;   dorsal  sclerite 
length  1.85  mm,  1.75-2.15  mm. 

Description.  Carapace  fairly  wide,  dark 
orange-brown  with  some  bro\\ai  markings, 
and  hairless.  Eyes  moderate,  posteriors 
equal,  anterior  median  eyes  larger  and  an- 
terior lateral  eyes  smaller.  Eyes  bordered 
in  black.  Head  narrow  (cephalic  width 
index  51-57)  and  smoothly  truncated  an- 
teriorly. Thoracic  groove  moderately  weak. 
Abdomen  a  wide  oval,  with  a  very  large 
red-brown  dorsal  sclerite  (tliree  quarters 
length  of  abdomen),  and  covered  \\ith 
short,  light  hairs.  Epigastric  sclerite  and 
small  inframammilliary  sclerite  red-brown. 
Ventrum  creamy  white.  First  pair  of  ab- 
dominal setae  very  thin,  second  pair  mod- 
erately strong  and   stout. 

Sternum  dark  yellow-brown,  wide,  with 
some  fine  hairs  but  no  setae. 

Chelicerae  orange-brown,  with  t\\'0  mod- 
erate retromargin  teeth  and  two  promargin 
teeth,  the  distal  one  larger  and  the  proximal 
one  smaller  than  the  retromargin  teeth;  a 
small  denticle  just  median  and  distal  to  the 
distal  promargin  tooth.  Four  heavy,  ser- 
rated spines  at  the  promargin  side  of  each 
chelicera  apex   (Fig.  273). 

Coxae  all  very  light  yellow,  three  an- 
terior ones  slightly  lighter.  Trochanter  IV 
notch  small. 

Femora  I-III  striped  with  browii  lateral 
sides  on  yellow — dark  brown  in  femur  III; 
femur  l\  dark  red-brown.  Rest  of  legs  I 
and  II  light  yellow-brown;  rest  of  leg  III 
striped  hke  femur,  except  tarsus  yellow- 
brown;  rest  of  leg  IV,  patella-tibia  striped 
with  red-brown  sides  on  yellow,  metatarsus 
dark  red-brown,  tarsus  yellow-brown.  Legs 
moderately  hirsute.  Tibia  I  ventral  spina- 
tion:    3-3,  moderately  long  and  strong. 

External  epigynum  with  low,  flared 
openings  (Fig.  198).  Internal  structure  of 
somewhat  globose  spermathecae  with  thick 
posterior  necks  (Fig.  197). 

Diagnosis.  A  wide  carapace  (carapace 
index  72-76),  small  size,  a  heavy,  fork- 
pronged  cheliceral  "rake"  on  the  female, 


and  distinctive  male  genitaha  (Fig.  200) 
distinguish  Ca.stiancira  dentata  from  all 
other  Castianeira. 

Remarks.  The  male  and  female  of  this 
species  were  originally  described  as  two 
species,  but  except  for  the  cheliceral  "rake" 
in  the  female,  the  two  (C.  dentata,  the 
female,  and  C.  pusiUa,  the  male)  are  quite 
within  the  range  of  nomial  sexual  dimor- 
phism. 

Natural  history.  Nothing  is  known  of  the 
habits  of  this  species. 

Distri])iition.    Panama   (Map  12). 

Records.  PANAMA.  Portobelo,  El  Valle. 

CANAL  ZONE.  Barro  Colorado  Island, 
Chilibre,  Experimental  Gardens,  Forest  Re- 
serve, Fort  Sherman,  France  Field,  Gamboa, 
Madden  Dam,  Summit. 

Castianeira  trimac  new  species 

Figures  201-204,  268-270.   Map  12. 

Holoti/pc.  Male  from  Forest  Preserv^e, 
Panama'  Canal  Zone,  VII-1939  (A.  M. 
Chickering);  in  the  Museum  of  Compara- 
tive Zoology.  The  specific  name  is  an 
arbitrary  combination  of  letters. 

MALE 

Measurements.  Based  on  one  male  holo- 
type:  carapace  length  1.10  mm;  carapace 
width  0.80  mm;  carapace  index  70;  sternum 
length  0.60  mm;  sternum  width  0.50  mm; 
sternum  index  81. 

Femur  IV  length  0.90  mm;  femur  IV 
width  0.20  mm;  leg  thickness  index  23; 
leg  length  index  80. 

Abdomen  length  1.25  mm;  abdomen 
width  0.75  mm;  abdomen  index  62. 

Embolus  length  0.03  mm;  bulb  length 
0.42  mm;  male  genital  index  6. 

Description.  Very  small  spider.  Carapace 
yellow-brown  with  darker  brown  markings 
radiating  from  the  center  of  the  thoracic 
region,  shiny  and  hairless.  Eyes  moderate, 
\vith  anterior  median  eyes  larger.  Eyes 
bordered  in  black.  Carapace  narrowed  in 
cephalic  region  (cephalic  width  index  49) 
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and  truncated  anteriorly.  No  thoracic 
groove,  but  a  distinct  impression. 

Abdomen  oval,  with  a  full  dorsal  sclerite 
and  a  pattern  of  white  hair  bands  and  spots 
(on  light  background) — a  horizontal  band 
over  sclerite,  a  divided  band  just  posterior 
to  sclerite,  and  three  spots  in  a  horizontal 
line  at  posterior  end — and  a  wide  horizontal 
band  of  dark  yellow  just  posterior  to  mid- 
line, rest  brown  (Fig.  269).  Epigastric 
sclerite  mottled  brown.  Ventrum  with  a 
full  \ellow  sclerite  and  a  small  dark  brown 
inframammilliary  sclerite.  Both  pairs  of 
abdominal  setae  extremely  thin. 

Sternum  shield-shaped,  shiny,  hairless, 
and  mottled  browm — darker  near  each  coxa. 

Chelicerae  light  yellow-brown,  with  two 
moderately  small  retromargin  teeth  and 
three  promargin  teeth,  a  median  one  larger 
and  a  proximal  one  smaller  than  the  retro- 
margin  teeth,  and  a  very  small  one  medial 
and  distal  to  the  larger  promargin  tooth. 

Coxae  cream-white  ( I  and  II  with  brown 
sides).   Trochanter  IV  notch  absent. 

Femora  I  and  II  browai;  femora  III  and 
I\^  striped  dark  brown  sides  and  dorsum, 
rest  yellow-white.  Rest  of  leg  I  and  II 
creamy  white;  rest  of  leg  III  striped,  with 
patella-tibia  and  metatarsus  yellow-white 
w  ith  dark  brown  sides,  yellow-white  tarsus; 
rest  of  leg  IV,  patella  browii,  tibia  yellow- 
white  with  dark  brown  sides,  metatarsus 
dark  brown,  tarsus  creamy  white.  Legs 
moderately  lightly  hirsute.  Tibia  I  ventral 
spination:   3-3,  moderately  long  and  strong. 

Pedipalp  with  a  short,  blunt,  tibial  apoph- 
ysis. Tarsus  with  a  globose  genital  bulb 
drawn  out  into  a  long  neck  terminating 
with  a  short,  crooked  embolus  (Figs.  201, 
202). 

FEMALE 

Measurements.  Based  on  6  females: 
carapace  length  1.20-1.30  mm;  carapace 
width  0.80-0.85  mm;  carapace  index  66-69; 
sternum  length  0.60-0.70  mm;  sternum 
width  0.50-0.60  mm;  sternum  index  82-85. 

Femur  I\'  length  0.9.5-1.05  mm;   femur 


IV  width  0.20-0.25  mm;  leg  thickness  index 
22-25;  leg  length  index  78-82. 

Abdomen  length  1.30-1.85  mm;  abdomen 
width  0.80-1.10  mm;  abdomen  index  57- 
63;  dorsal  sclerite  length  0.55-0.75  mm; 
dorsal  sclerite  width  0.50  mm;  dorsal  scle- 
rite index  65-91. 

Description.  Very  small  spider.  Cara- 
pace yellow-brown  with  darker  brown 
markings  radiating  from  the  center  of  the 
thoracic  region,  shiny  and  hairless.  Eyes 
moderate,  with  anterior  median  eyes  larger. 
Eyes  bordered  in  black.  Carapace  nar- 
rowed in  cephalic  region  (cephalic  width 
index  55-58)  and  truncated  anteriorly.  No 
thoracic  groove,  but  a  distinct  impression. 

Abdomen  oval,  with  moderate  orange- 
brown  sclerite  and  a  pattern  of  white  hair 
bands  and  spots  (on  light  background) — a 
horizontal  band  over  sclerite,  a  divided  band 
just  posterior  to  sclerite,  and  three  spots 
in  a  horizontal  line  at  posterior  end — and 
a  wide  horizontal  band  of  dark  yellow^  just 
posterior  to  midline,  rest  brown  ( Fig.  268 ) . 
Epigastric  sclerite  mottled  brown.  VentiTim 
creamy  white  with  brown-black  spot  just 
anterior  to  spinnerets.  Both  pairs  of  ab- 
dominal setae  extremely  thin. 

Sternum  shield-shaped,  shiny,  hairless, 
and  mottled  brown — darker  near  each  coxa. 

Chelicerae  light  yellow-brown,  with  two 
moderately  small  retromargin  teeth  and 
three  promargin  teeth,  a  median  one  larger 
and  a  proximal  one  smaller  than  the  retro- 
margin teeth,  and  a  very  small  one  medial 
and  distal  to  the  larger  promargin  tooth. 
Single  large,  serrated  "claw"  at  promarginal 
cheliceral  apex  (Fig.  270). 

Femora  I  and  II  brown;  femora  III  and 
IV  striped  dark  brown  sides  and  dorsum, 
rest  yellows-white.  Rest  of  legs  I  and  II 
creamy  white;  rest  of  leg  III  striped,  with 
patella-tibia  and  metatarsus  yellow-white 
with  dark  brown  sides,  yellow'-w^iite  tarsus; 
rest  of  leg  IV,  patella  brown,  tibia  yellow- 
white  wTth  dark  brown  sides,  metatarsus 
dark   brown,    tarsus    creamy   white.     Legs 
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moderately  lightly  hirsute.  Tibia  I  ventral 
spination:    3-3,  long  and  strong. 

External  epigynum  with  two  small  semi- 
circular openings  directed  posteriorly  ( Fig. 
204 ) .  Internal  structure  with  two  elongated 
spermathecae,  wider  in  middle  (Fig.  203). 

Diagnosis.  Castianeira  trimac  differs  from 
other  Castianeira  in  its  abdominal  pattern 
( tliree  light  spots  in  a  horizontal  row  at 
the  posterior  end),  a  single  heavy  "claw" 
at  the  apex  of  each  chelicera  in  the  females 
(Fig.  270),  and  the  embolus  of  the  male 
(Fig.  202). 

Remarks.  This  is  the  smallest  of  all 
known  species  of  Castianeira. 

Natural  history.  Nothing  is  kno\\'n  of  the 
habits  of  this  species. 

Distribution.    Panama   (Map  12). 

Records.  CANAL  ZONE.  Barro  Colo- 
rado Island,  Forest  Reserve,  Summit. 

Mazax  O.  P.-Cambridge 

Mazax  O.  P.-Cambridge,  1898,  Biol.  Centrali- 
Aniericana  Arachnida  1:275-276,  pi.  34,  fig.  2, 
$.  Type-species  by  monot>py:  Mazax  spinosa 
O.  P.-Cambridge,  op.  cit.,  1:276,  pi.  34,  fig.  2. 
$ ,  from  Teapa,  Tabasco,  Mexico;  in  the  Brirish 
Museum  (Natural  History),  examined.  The 
specific  name  is  a  junior  homon\Tn,  the  new 
name  is  Mazax  pax. 

Characteristics.  Two  rows  of  eyes,  the 
posterior  row  wider  than  the  anterior  row; 
anterior  row  recurved,  the  posterior  row 
straight  or  slightly  procurved;  eyes  moder- 
ately large  and  approximately  equal,  with 
the  anterior  median  eyes  slightly  smaller 
than  the  anterior  lateral  eyes. 

Thoracic  groove  moderate  to  extremely 
weak.  Cephalic  region  of  carapace  mod- 
erately narrow  (cephalic  width  index  53- 
64). 

Abdomen  with  a  distinct,  rugose,  anterior 
petiole  (Figs.  282-285).  Constriction  in 
male  abdomen. 

Tibia  I  ventral  spination  usually  paired 
and  moderately  long:  .3-3,  4-4,  .5-5,  or 
6-6  (except  JM.  ajax  with  2-1,  small  spines ). 

Carapace  length  1.60-2.85  mm,  with  a 
carapace  index  of  54-66  ( moderate  j. 


Ol 

c 

ro 

^ 

in 

1/) 

O) 

a 

Ol 

-ii 

'n 

X 

0) 

X 

ITS 

1/1 

X 

o 

c 

X 

re 


Diagram    2.     A    clodogram    of    Mazax. 


Distribution.  Mexico,  West  Indies,  Cen- 
tral and  South  America  (Map  13). 

Discussion:  Tliis  genus  is  compact  and 
monophyletic,  with  the  spinosa  and  pax 
groups  closely  related  and  the  ajax  group 
very  different.  Diagram  2  is  a  simple 
cladogram  that  shows  the  relationships  of 
the  species. 

Key  to  the  Males  and  Females  of  Mazax 

la.    Tibia  I  ventral  spination:    2-1  or  3-3  2 

lb.    Tibia  I  ventral  spination:   4-4,  5-5,  or  6-6  -  3 
2a.    Tibia    I    ventral    spination:     2-1:    embolus 
long  and  straight  (Fig.  238),  spermathecae 
very  long  (  Fig.  239 )    ( southern  Mexico )  - 
ajax  p.  268 

2b.  Tibia  I  ventral  spination:  3-3;  embolus 
short  and  t^visted  (  Fig.  236 ) ,  spemiathecae 
short  ( Fig.  233 )  ( Mexico  and  Central 
America)  pax  p.  264 

3  a.    Carapace  bicolored  ( yellow-orange  cephalic 

region,  red-brown  posterior  thoracic  region) 
(Fig.  280)  (Costa  Rica)  xerxes  p.  261 

3b.    Carapace    not    bicolored    4 

4  a.    Male  abdomen  strongly  impressed  in  middle 

(Fig.    283);    tibia    I    ventral    spination    of 
females    .5-5    or    6-6     (West    Indies    and 

Central  America)  spinosa  p.  259 

4b.  Male  abdomen  weak]>  impressed  (Fig. 
282);  tibia  I  ventral  spination  of  females 
4-4   (Jamaica)   chickeringi  p.  262 
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The  spinosa  Group 

Characteristics.  Tibia  I  ventral  spina- 
tion  4-4  to  6-6  and  carapace  devoid  of 
white  hairs. 

Discussion.  Of  the  three  species  in  this 
group,  Mazax  spinosa  and  M.  xerxes  are 
most  clearly  related.  M.  chickeringi,  found 
only  on  Jamaica,  is  somewhat  smaller  and 
more  different. 

Mazax  spinosa   (Simon),   new  combination 
Figures  230-232,  283,  284.    Map  13. 

CastUineira  spinosa  Simon,  1897,  Proc.  Zool.  Soc. 
London:  882-883,  c5 ,  5-  One  male  and  four 
female  syntypes  from  St.  Vincent,  British  West 
Indies;  in  the  British  Museum  (Natural  His- 
tory), examined,  and  male  lectotype  designated 
here.  This  is  not  Mazax  spinosa  O.  P. -Cam- 
bridge, 1898  (r=  Maz-ax  pax  n.n. ). 

Maz-ax  plana  F.  P.-Cambridge,  1899,  Biol.  CentraU- 
Americana  Arachnida  2:83,  pi.  6,  fig.  11,  $, 
from  Guatemala;  in  the  British  Museum  ( Nat- 
ural History),  examined.  NEW  SYNONYMY. 
Chickering,  1937,  Trans.  Amer.  Microscop.  Soc. 
56:33,    figs.    2,    27. 

Mazax  segregata  ChamberHn,  1925,  Bull.  Mus. 
Comp.  Zool.  67:221,  $,  from  Barro  Colorado 
Island,  Panama  Canal  Zone;  in  the  Museum 
of  Comparative  Zoology,  examined.  NEW 
SYNONYMY. 

MALE 

Measurements.  Based  on  lectotype  and 
10  males,  lectotype,  listed  first,  but  not 
included  in  range  of  rest,  which  follows: 
carapace  length  1.85  mm,  2.15-2.50  mm; 
carapace  width  1.15  mm,  1.20-1.45  mm; 
carapace  index  62,  57-59;  sternum  length 
0.90  mm,  1.0.5-1.30  mm;  sternum  width 
0.70  mm,  0.70-O.SO  mm;  sternum  index  75, 
60-70. 

Femur  IV  length  1.60  mm,  2.05-2.45 
mm;  femur  IV  width  0.30  mm,  0.30-0.35 
mm;  leg  thickness  index  17,  14-17;  leg 
length   index   88,   90-97. 

Abdomen  length  2.50  mm,  2.7.5-3.70  mm; 
abdomen  width  0.95  mm,  1.00-1.25  mm; 
abdomen  index  .38,  .34-.39;  petiole  length 
0.40,  0.60-0.75  mm. 

Embolus  length  0.06  mm,  0.05-0.07  mm; 


bulb  length  0.69  mm,  0.7.3-0.85  mm;  male 
genital  index  8,  6-8. 

Description.  Carapace  red-brown,  with 
a  lightly  granulose  surface,  and  hairless. 
Eyes  moderately  large  and  approximately 
equal,  the  anterior  medians  slightly  smaller 
than  the  rest.  The  anterior  row  recurved, 
the  posterior  straight.  Carapace  narrowed 
in  head  region  (cephalic  width  index  53- 
58)  and  truncated  smoothly  anteriorly. 
Tlioracic  groove  very  small  and  faint. 

Abdomen  elongated,  constricted  in  mid- 
dle, with  a  fairly  long,  rugose,  anterior 
petiole,  and  covered  with  a  full,  shiny, 
maroon-brown  dorsal  sclerite  (Fig.  283). 
Sclerite  slightly  lighter  at  constriction, 
with  some  white  plumose  hairs.  Whole 
dorsum  covered  with  sparse,  simple  hairs. 
Epigastric  sclerite  (forming  petiole  an- 
teriorly), full  ventral  sclerite,  and  a  very 
small  inframammilliary  sclerite  all  red- 
brown.  A  pair  of  moderately  large  spines 
on  tubercles  at  anterior  end  of  dorsal 
sclerite  (homologous  to  second  pair  of  ab- 
dominal setae). 

Sternum  orange-browii,  with  some  very 
long  hairlike  setae. 

Chelicerae  dark  orange-brown,  with  two 
moderate  retromargin  teeth  and  two  pro- 
margin  teeth,  the  distal  one  larger  and  the 
proximal  one  smaller  than  the  retromargin 
teeth.  A  very  small  denticle  just  distal  and 
slightly  median  to  the  larger  promargin 
tooth. 

Coxae  II  and  III  yellow,  I  brown  and 
IV  orange-browai.  Trochanter  IV  notch 
very   shallow   but  present. 

All  femora  with  dark  red-brown  sides, 
but  the  rest  of  femur  I  with  a  brown  base 
and  yellows-white  distally,  of  femur  II 
yellow-white,  of  femora  III  and  IV  dark 
yellow.  Rest  of  legs  I  and  II  yellow-white, 
with  middle  two  thirds  of  metatarsus  I 
red-brown  and  metatarsus  II  yellow;  rest 
of  leg  III  yellow,  with  sides  of  patella- 
tibia  and  metatarsus  light  red-brown,  tarsus 
yellow-white;   rest  of  leg  IV  with  jellow 
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patella  \\'ith  red-brown  sides,  red-brown 
tibia  with  a  light  yellow  distal  tip,  red- 
brown  metatarsus,  and  yellow-white  tarsus. 
Legs  lightly  hirsute.  Tibia  I  ventral  spina- 
tion:    4-4,  moderate. 

Pedipalp  with  a  small,  pointed,  tibial 
apophysis.  Tarsus  with  a  globose  genital 
bulb  drawai  out  into  a  long  neck  with  a 
small,  twisted,  sclerotized  embolus  (Fig. 
230). 

FEMALE 

Measurements.  Based  on  11  females: 
carapace  length  2.30-2.75  mm;  carapace 
width  1.35-1.60  mm;  carapace  index  56-60; 
sternum  length  1.15-1.40  mm;  sternum 
width  0.80-0.90  mm;  sternum  index  65-72. 

Femur  IV  length  2.15-2.55  mm;  femur 
IV  width  0.30-0.35  mm;  leg  thickness  index 
14-16;  leg  length  index  91-99. 

Abdomen  length  2.60-3.85  mm;  abdomen 
width  1.05-2.20  mm;  abdomen  index  40- 
60;  dorsal  sclerite  length  0.95-1.45  mm; 
dorsal  sclerite  width  0.95-1.35  mm;  dorsal 
sclerite  index  76-105;  petiole  length  0.40- 
0.65  mm. 

Description.  Carapace  red-brown,  with 
a  lightly  granulose  surface.  Eyes  large  and 
approximately  equal,  anterior  eyes  recurved 
and  posterior  eyes  straight  when  viewed 
dorsally.  Carapace  somewhat  narrowed  in 
head  region  (cephalic  width  index  57-63) 
and  smoothly  truncated  anteriorly.  Thoracic 
groove  extremely  small  and  faint. 

Abdomen  a  long  oval,  with  an  anterior 
petiole  and  a  dorsal  sclerite.  The  petiole 
dark  red-brown  and  heavily  rugose;  dorsal 
sclerite  extends  about  two-fifths  of  the  way 
back  and  is  dark  red-brown,  shiny,  and 
spineless.  Abdomen  almost  hairless  and 
shiny  brown-grey  with  a  thin,  white,  hori- 
zontal band  just  anterior  to  posterior  edges 
of  the  dorsal  sclerite,  which  covers  the 
median  portion  of  the  band  (Fig.  284). 
Ventral  abdomen  with  a  dark  red-brown 
epigastric  sclerite  (which  also  forms  the 
petiole),    with    two    beaded    stripes    from 


sides  of  sclerite  posteriorly.  Sides  of  ab- 
domen have  a  large  longitudinal  white  spot 
on  each  side.  First  pair  of  abdominal  setae 
absent,  second  pair  very  thin  and  long. 

Sternum  orange-brown,  indented  slightly 
at  each  coxa,  and  covered  with  hairlike 
setae. 

Chelicerae  orange-brown,  with  two  mod- 
erate retromargin  teeth  and  two  promargin 
teeth,  the  distal  one  larger  and  the  proximal 
one  smaller  than  the  retromargin  teeth. 
A  very  small  denticle  just  distal  and  shghtly 
median  to  the  larger  promargin  tooth. 

Coxae  II  and  III  yellow,  I  yellow-brown 
and  IV  light  red-brown.  Trochanter  IV 
notch  very  shallow  but  present. 

Femora  all  more  or  less  striped,  with 
sides  brown  (increasing  towards  IV)  and 
light  areas  yellow  in  I  and  II,  dark  yellow 
in  III,  and  yellow-brown  in  IV.  Rest  of 
I,  II,  and  III  light  yellow;  of  IV  yellow, 
with  sides  of  tibia  and  metatarsus  brown. 
Legs  lightly  hirsute.  Tibia  I  ventral  spina- 
tion:     5-5,   long  and  thin. 

External  epigynum  with  two,  small, 
widely  separated  openings  (Fig.  232).  In- 
ternal structure  with  globose  spermathecae 
drawn  out  into  moderately  thin  posterior 
necks   (Fig.  231). 

Diagnosis.  Mazax  spinosa  (Simon)  differs 
from  other  Mazax  in  its  monocolored  cara- 
pace, the  highly  constricted  abdomen  of  the 
male  (Fig.  283),  and  the  shiny  dorsal  ab- 
dominal sclerite  of  the  female. 

Remarks.  The  males  of  M.  spinosa  have 
a  tibia  I  spination  of  4-4,  whereas  the  fe- 
males have  5-5  and  sometimes  6-6.  The 
type  is  smaller  than  the  populations  mea- 
sured in  Panama  and  tends,  with  several 
other  West  Indian  M.  .spinosa,  to  have  a 
slightly  rougher  sculpture  on  the  anterior 
half  of  the  male  abdomen. 

The  priority  of  Simon's  name  necessitates 
the  change  of  Mazax  spinosa  O.  P.-Cam- 
bridge  to  Mazax  pax  n.n. 

Natural  history.  Mazax  spinosa  is  found 
walking  with  a  jerky  gait  over  dead  leaves 
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in  tropical  forest.  The  shiny  abdominal 
sclcrites  and  the  large  abdominal  spines  in 
the  male  suggest  mimicry  of  certain  dark 
m>rmicine  ants. 

Distribution.  West  Indies,  Central  Amer- 
ica, and  Panama   (Map  13). 

Records.    PANAMA.    Boquete. 

CANAL  ZONE.  Barro  Colorado  Island, 
Farfan,  Forest  Reserve,  France  Field, 
Gamboa,  Gatun,  Madden  Dam,  Pedro 
Miguel,  Summit. 

BRITISH  WEST  INDIES.  St.  Lucia, 
St.  Vincent. 

Mazax  xerxes  new  species 

Figures  226-229,  280,  281.   Map  13. 

Holotypc.  Male  from  Turrialba,  Costa 
Rica,  VII-23/ VIII- 13- 1965  (A.  M.  Chicker- 
ing);  in  the  Museum  of  Comparative 
Zoology.  The  specific  name  is  a  noun  in 
apposition  based  on  the  name  of  a  Persian 
king. 

MALE 

Measurements.  Based  on  one  mak;  holo- 
type:  carapace  length  2.30  mm;  carapace 
width  1.35  mm;  carapace  index  58;  sternum 
length  1.20  mm;  sternum  width  0.75  mm; 
sternum  index  65. 

Femur  IV  length  2.00  mm;  femur  IV 
width  0.30  mm;  leg  thickness  index  15; 
leg  length  index  86. 

Abdomen  length  3.55  mm;  abdomen 
width  1.10  mm;  abdomen  index  31;  petiole 
length  0.65  mm. 

Embolus  length  0.07  mm;  bulb  length 
0.85  mm;  male  genital  index  8. 

Description.  Carapace  with  light  yellow- 
orange  cephalic  and  anterior  thoracic 
regions,  and  dark  red-brown  posterior 
thoracic  region  (Fig.  280).  Surface  very 
finely  granulose  and  hairless.  Eyes  large 
and  approximately  equal  (anterior  median 
eyes  slightly  smaller  than  laterals);  an- 
terior eyes  recurved  and  the  posterior  eyes 
straight  when  viewed  dorsally  (Fig.  281). 
Ocular  region  dark  red-brown.    Carapace 


narrowed  in  head  region  (cephalic  width 
index  59)  and  truncated  smoothly  an- 
teriorly.   Thoracic  groove  extremely  weak. 

Abdomen  elongated,  constricted  in  mid- 
dle, with  a  fairly  long,  rugose  petiole,  and 
covered  with  a  full,  shiny,  maroon  dorsal 
sclerite.  Sclerite  slightly  lighter  at  con- 
striction, with  some  white  plumose  hairs. 
Whole  dorsum  covered  with  sparse  simple 
hairs.  Epigastric  sclerite  (forming  petiole 
anteriorly ) ,  full  ventral  sclerite,  and  a  mod- 
erate inframammilliary  sclerite  all  dark  red- 
brown.  No  spines  or  abdominal  setae  on 
the  dorsal  sclerite. 

Sternum  yellow,  with  some  very  long, 
hairlike  setae. 

Chelicerae  orange-brown  and  reticulated 
brown,  with  two  moderate  retromargin 
teeth  and  two  promargin  teeth,  the  distal 
one  larger  and  the  proximal  one  smaller 
than  the  retromargin  teeth.  A  very  small 
denticle  just  distal  and  slightly  medial  to 
the  larger   promargin    tooth. 

Coxae  II  and  III  light  yellow,  I  yellow 
and  IV  yellowish  brown.  Trochanter  IV 
notch  very  shallow  but  present. 

Femur  I,  basal  half  dark  red-brown,  light 
yellow  distally  with  brown  sides;  femora 
II,  III,  and  IV  yellow  with  some  red-brown 
on  the  sides  (only  on  sides  of  distal  end 
of  femur  IV).  Rest  of  legs  I  and  II  yellow- 
white  (distal  halves  of  metatarsi  slightly 
darker);  rest  of  leg  III  yellow,  with  red- 
brown  sides  on  patella-tibia,  a  slightly 
darker  metatarsus,  and  a  creamy  white 
tarsus;  rest  of  leg  IV  with  yellow  patella 
(with  a  trace  of  red-brown  on  sides),  dark 
red-brown  tibia  with  yellow  tips,  metatarsus 
yellow  with  wide  bands  of  red-brown  on 
the  sides,  and  light  yellow  tarsus.  Legs 
lightly  hirsute.  Tibia  I  ventral  spination: 
5-5,  long  and  thin,  the  proximal  pair 
distinctly  smaller. 

Pedipalp  with  a  small,  pointed,  tibial 
apophysis.  Tarsus  with  a  globose  genital 
bulb  drawn  out  into  a  long  neck  with  a 
small,  twisted,  sclerotized  embolus  (Figs. 
228,  229). 
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FEMALE 

Measurements.  Based  on  one  female: 
carapace  length  2.50  mm;  carapace  width 
1.50  mm;  carapace  index  59;  sternum  length 
1.30  mm;  sternum  width  0.85  mm;  sternum 
index  66. 

Femur  IV  length  2.40  mm;  femur  IV 
width  0.35  mm;  leg  thickness  index  15; 
leg  length  index  96. 

Abdomen  length  4.25  mm;  abdomen 
width  1.85  mm;  abdomen  index  44;  dorsal 
sclerite  length  1.20  mm;  dorsal  sclerite 
width  1.05  mm;  dorsal  sclerite  index  89; 
petiole  length  0.55  mm. 

Description.  Carapace  with  light  yellow- 
orange  cephalic  and  anterior  thoracic  re- 
gions, and  dark  maroon-brown  posterior 
thoracic  region.  Surface  very  finely  granu- 
lose  and  hairless.  Eyes  large  and  approxi- 
mately equal,  anterior  eyes  recurved  and 
the  posterior  eyes  straight  when  viewed 
dorsally.  Ocular  region  dark  red-brown. 
Carapace  narrowed  in  head  region  (ce- 
phalic width  index  61)  and  truncated 
smoothly  anteriorly.  Thoracic  groove  ex- 
tremely weak. 

Abdomen  oval,  with  an  anterior  maroon- 
brown  rugose  petiole  and  a  moderately 
small,  shiny,  dark  red-brown  dorsal  sclerite. 
Rest  of  dorsal  abdomen  brown-purple,  with 
sparse  light,  simple  hairs  and  a  slightly 
lighter  horizontal  band  at  posterior  edge  of 
sclerite.  Ventrum  with  a  dark  red-brown 
epigastric  sclerite  (which  continues  an- 
teriorly and  dorsally  as  the  petiole),  a  very 
small  red-brown  inframammilliary  sclerite, 
and  a  pair  of  beaded  light  stripes  from  the 
sides  of  the  epigastric  furrow  posteriorly. 
First  pair  of  abdominal  setae  absent,  second 
pair  very  thin  and  long. 

Sternum  orange-brown,  indented  slightly 
at  each  coxa,  and  covered  with  hairlike 
setae. 

Chelicerae  orange-brown  and  reticulated 
brown,  with  two  moderate  retromargin 
teeth  and  two  promargin  teeth,  the  distal 


one  larger  and  the  proximal  one  smaller 
than  the  retromargin  teeth.  A  very  small 
denticle  just  distal  and  slightly  median 
to  the  larger  promargin  tooth. 

Coxae  II  and  III  hght  yellow,  I  yellow- 
orange,  IV  yellow-brown.  Trochanter  IV 
notch  very  shallow  but  present. 

Femur  I,  basal  half  dark  red-brown,  light 
yellow  distally  with  brown  sides;  femora  II, 
III,  and  IV  yellow  with  some  red-brown  on 
the  sides  (only  on  sides  of  distal  end  of 
femur  IV).  Rest  of  legs  I  and  II  yellow- 
white  (distal  halves  of  metatarsi  slightly 
darker);  rest  of  leg  III  yellow,  with  red- 
brown  sides  on  patella-tibia,  a  slighdy 
darker  metatarsus,  and  a  creamy  white 
tarsus;  rest  of  leg  IV  with  yellow  patella, 
yellow  tibia  with  dark  red-brown  sides 
near  proximal  end,  and  a  creamy  white 
tarsus.  Legs  lightly  hirsute.  Tibia  I  ventral 
spination:    5-5,  very  long  and  thin. 

External  epigynum  with  two  small, 
widely  separated  openings  (Fig.  227).  In- 
ternal structure  with  globose  spermathecae 
and  narrow  posterior  necks  (Fig.  226). 
Diagno.sis.  Mazax  xerxes  differs  from  all 
other  Mazax  in  its  bicolored  carapace  (ce- 
phalic and  anterior  thoracic  regions  yellow). 
In  addition  to  the  difference  in  color, 
the  male  of  M.  xerxes  has  no  dorsal  ab- 
dominal spines  and  has  a  tibia  I  ventral 
spination  of  .5-5. 

Natural   history.    Nothing  is   known   of 
the  habits  of  this  species,  though  it  is  prob- 
ably an  ant  mimic,  and  the  model  ant  or 
ants  probably  have  yellowish  heads. 
Distribution.    Costa  Rica  (Map  13). 
Records.    COSTA  RICA.    Turrialba. 

Mazax  chickeringi  new  species 
Figures  222-225,  282.    Map  13. 

Holotype.  Male  from  Trafalger  Rd.,  St. 
Andrew,  Jamaica,  19/21-XI-1963  (A.  M. 
Chickering);  in  the  Museum  of  Compara- 
tive Zoology.  The  species  is  named  after 
Dr.  A.  M.  Chickering. 
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MALE 

Measurements.  Based  on  holotype  and  9 
males,  liolotypc  listed  first,  range  of  all 
follows:  carapace  length  2.00  mm,  1.70- 
2.10  mm;  carapace  width  1.25  mm,  1.10- 
1.30  mm;  carapace  index  63,  6;3-66;  sternum 
length  1.00  mm,  0.85-1.05  mm;  sternum 
width  0.75  mm,  0.70-0.75  mm;  sternum 
index  77,  72—79. 

Femur  I\'  length  1.70  mm,  1.50-1.80 
mm;  femur  I\'  width  0.30  mm,  0.2.5-0.30 
mm;  leg  thickness  index  17,  17-18;  leg 
length  index  86,  84-89. 

Abdomen  length  2.55  mm,  2.20-2.65  mm; 
abdomen  width  1.05  mm,  0.95-1.15  mm; 
abdomen  index  42,  41-45;  petiole  length 
0.40  mm,  0.30-0.40  mm. 

Embolus  length  0.06  mm,  0.05-0.06  mm; 
bulb  length  0.70  mm,  0.61-0.70  mm;  male 
genital  index  8,  7-8. 

Description.  Carapace  deep  red-brown 
\\'ith  a  finely  granulose  surface  (hea^'ier  on 
thoracic  region)  and  hairless.  Eyes  large 
and  equal,  except  anterior  median  eyes 
somewhat  smaller  than  the  rest.  Anterior 
row  slightly  recurved,  posterior  row  straight. 
Carapace  narrower  in  head  region  (ce- 
phalic width  index  .54-58)  and  smoothly 
truncated  anteriorly.  Tlioracic  groove  pres- 
ent as  a  slightly  elongated  notch. 

Abdomen  dark  red-brown,  elongated, 
with  an  anterior  rugose  petiole  and  a  full 
dorsal  sclerite  with  a  moderate  constric- 
tion, but  smooth  and  shiny  posterior  to  it, 
with  some  white  hairs.  Epigastric  sclerite, 
a  full  ventral  sclerite,  and  a  minute  in- 
framammilliary  sclerite  red-brown.  A  pair 
of  heavy  dorsal  spines  on  tubercles  at 
anterior  of  abdomen  (just  posterior  to 
petiole). 

Sternum  orange-brown,  with  a  few^  hair- 
like, long  setae.    Pedicel  short. 

Chelicerae  dark  red-browTi  with  two 
moderate  retromargin  teeth  and  two  pro- 
margin  teeth,  the  distal  one  larger  and  the 
proximal  one  smaller  than  the  retromargin 
teeth.     A   very    small,    but   clear,    denticle 


just  distal  and  slightly  median  to  the  larger 
promargin  tooth. 

Coxae  all  deep  yellow  (posterior  pair 
darker).   Trochanter  IV  notch  absent. 

Femora  all  deep  yellow  with  red-brown 
sides.  Rest  of  legs  I  and  II  yellow;  rest  of 
legs  III  and  IV  dark  yellow;  all  tarsi  some- 
what lighter.  Legs  lightly  hirsute.  Tibia  I 
ventral  spination:  4-4,  moderately  small 
and  weak. 

Pedipalp  with  no  tibial  apophysis.  Tarsus 
with  a  globose  bulb  drawn  out  into  a  neck 
with  a  small  twisted  embolus  at  its  tip. 
Medial  palpal  duct  loop  small  ( Figs.  224, 
225). 

FEMALE 

Measurements.  Based  on  10  females: 
carapace  length  1.90-2.30  mm;  carapace 
width  1.20-1. .50  mm;  carapace  index  62-65; 
sternum  length  0.95-1.15  mm;  sternum 
width  0.75-0.85  mm;  sternum  index  74-79. 

Femur  IV  length  1.65-1.95  mm;  femur 
IV  width  0..3O-0..3.5  mm;  leg  thickness  index 
17-19;  leg  length  index  83-90. 

Abdomen  length  2.5.5-3.30  mm;  abdomen 
width  1..30-2.30  mm;  abdomen  index  49- 
66;  dorsal  sclerite  length  0.8.5-1.10  mm; 
dorsal  sclerite  width  0.90-1.10  mm;  dorsal 
sclerite  index  97-114;  petiole  length  0.25- 
0.,30  mm. 

Description.  Carapace  deep  red-brown 
with  a  finely  granulose  surface  (heavier  on 
thoracic  region)  and  hairless.  Eyes  large 
and  equal,  except  anterior  median  eyes 
somewhat  smaller  than  the  rest.  Anterior 
row  slightly  recurved,  posterior  row  straight. 
Carapace  narrower  in  head  region  (ce- 
phalic width  index  57-61)  and  smoothly 
truncated  anteriorly.  Tlioracic  groove  pres- 
ent as  a  slightly  elongated  notch. 

Abdomen  oval,  with  an  anterior  rugose 
petiole  and  a  moderate,  finely  granulose, 
dorsal  sclerite,  both  red-brown.  Epigastric 
sclerite  red-brown.  Rest  of  dorsum  and 
ventrum  purplish  brown,  the  ventrum  with 
some  light,  beaded  lines  running  from 
epigastric  furrow  to  a  small  red-brown  in- 
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MAP    13 
•  Mazax   pax 
.    spinosa 
O  M.    chickeringi 
A  M.    xerxes 
a  M.    ajax 


framammilliary  sclerite.  Abdominal  setae 
not  discernible.  No  abdominal  dorsal 
spines. 

Sternum  red-brown  with  a  few  hairlike, 
long  setae.    Pedicel  short. 

Chelicerae  dark  red-brown,  with  two 
moderate  retromargin  teeth  and  two  pro- 
margin  teeth,  the  distal  one  larger  and  the 
proximal  one  smaller  than  the  retromargin 
teeth.  A  very  small,  but  clear,  denticle  just 
distal  and  slightly  median  to  the  larger 
promargin  tooth. 

Coxae  I-III  deep  yellow,  IV  yellow- 
orange.    Trochanter  IV  notch  absent. 

Femur  I  red-brown;  femora  II-IV  striped 
dark  yellow  with  red-brown  sides.  Rest 
of  legs  I  and  II  yellow;  rest  of  III  and  IV 
orange,  with  darker  patellae;  all  tarsi  yel- 
low-white. Legs  lightly  hirsute.  Tibia  I 
ventral  spination:  4-4,  moderately  long  and 
thin. 

External  epigynum  with  two  small,  flared 
openings  (Fig.  223).   Internal  structure  of 


spermathecae  with  globose  anterior  bulb 
and  moderately  narrow  necks   (Fig.  222). 

Diagnosis.  Males  of  Mazax  chickeringi 
have  a  much  shallower  abdominal  impres- 
sion than  do  the  other  Maz-ax  species,  and 
the  females  have  a  tibia  I  ventral  spination 
of  4-4  (females  of  M.  spinosa  have  5-5  or 
6-6 ) .  In  addition,  the  horizontal  hght  stripe 
on  the  abdomens  of  M.  spinosa  and  M. 
xerxes  is  absent. 

Distribution.    Jamaica  (Map  13). 

Records.  JAMAICA.  St.  Ann  Parish, 
Clarendon  Parish,  Kingston  Parish,  St.  An- 
drew Parish,  St.  Catherine  Parish,  St. 
Thomas  Parish. 

The  pax  Group 

Mazax  pax  new  name 

Figures  233-236,  285.    Map  13. 

Mazax  spinosa  O.  P.-Cambridge,  1898,  Biol. 
Centrali- Americana  Arachnida  1:276,  pi.  34, 
fig.  2,  $ ,  from  Teapa,  Tabasco,  Mexico;  in  tlie 
British  Museum  (Natural  History),  examined. 
(Not  Mazax  spitwsa   (Simon)    1897.) 
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MdZdx  .?/H7iosfl:  Chickering,  1937,  Trans.  Amer. 
Microscop.  Soc.  56(l):33-34,  figs.  10,  24, 
68,  5  ,  9  . 

Name.  The  new  specific  name  is  a  Latin 
noun  in  apposition  meaning  "peace." 

MALE  (Mexican) 

Measurements.  Based  on  8  males:  cara- 
pace length  1.60-L90  mm;  carapace  width 
0.9.5-1.15  mm;  carapace  index  59-63;  ster- 
num length  0.75-0.90  mm;  sternum  width 
0.60-0.65  mm;  sternum  index  71-80. 

Femur  IV  length  1.20-1.60  mm;  femur 
IV  width  0.25-0.30  mm;  leg  thickness  index 
18-22;  leg  length  index  72-85. 

Abdomen  length  2.00-2.60  mm;  abdomen 
width  0.85-1.05  mm;  abdomen  index  36-46; 
petiole  length  0.30-0.40  mm. 

Embolus  length  0.0.5-0.07  mm;  bulb 
length  0.56-0.68  mm;  male  genital  index 
7-11. 

Description.  Carapace  yellow-bro\Mi, 
with  lightly  granulose  surface  and  a  few 
white  plumose  hairs.  Some  long  setae  in 
cephalic  region.  Eyes  moderately  large, 
approximately  equal,  the  anterior  eyes  re- 
curxed  and  the  posterior  eyes  straight  when 
\iewed  dorsally.  Carapace  narrower  in 
head  region  ( cephalic  width  index  53-61 ) 
and  smoothly  truncated  anteriorly.  Thoracic 
groove  absent  (only  slight  indentation  re- 
maining). 

Abdomen  drop-like  (widening  posteriorly), 
with  an  anterior  red-brown  rugose  petiole 
and  a  full  dorsal  sclerite.  Dorsal  sclerite 
with  a  strong  constriction  in  the  middle, 
very  rough  and  dark  orange  anterior  to 
constriction,  but  smooth  and  shiny  pos- 
terior to  it,  with  four  wide,  horizontal,  red- 
brown  liands  on  an  orange  background. 
Sparse,  simple  hair  over  the  whole  dorsum. 
A  pair  of  strong  spines  on  tubercles  at 
anterior  end  of  dorsal  sclerite.  Epigastric 
sclerite  (which  also  forms  the  petiole)  red- 
brown.  A  full,  yello\\'-orange,  ventral 
sclerite. 

Sternum  yellow,  with  sparse,  hairlike 
setae.    Short  pedicel. 


Chelicerae  light  yellow-brown,  with  two 
moderate  retromargin  teeth  and  two  pro- 
margin  teeth,  the  distal  one  larger  and  the 
proximal  one  smaller  than  the  retromargin 
teeth.  A  very  small  but  clear  denticle  just 
distal  and  slightly  median  to  the  larger 
promargin    tooth. 

Coxae  I-III  yellow-white,  coxa  IV  light 
yello\\'-bro\\ii.  Trochanter  IV  notch  al- 
most absent  (just  a  very  slight  dip). 

Femora  I  and  II  light  yellow;  femora 
III  and  IV  yellow-brown.  Rest  of  legs  I 
and  II  light  yellow,  with  light  red-brown 
metatarsus  I  and  creamy  white  tarsi;  rest 
of  legs  III  and  IV  brownish  yellow,  with 
slightly  darker  tibia  IV  with  light  distal 
ends,  red-brown  metatarsus  IV,  and  light, 
creamy  white  tarsi.  Legs  moderately  hir- 
sute. Tibia  I  ventral  spination:  ;3-3,  thin 
and  weak. 

Pedipalp  with  a  small,  pointed,  tibial 
apophysis.  Tarsus  with  a  globose  genital 
bulb  drawn  out  into  a  long  neck  with  a 
small,  thin,  twisted  embolus  (Figs.  2.35, 
2.36). 

FEMALE   (Mexican) 

Measurements.  Based  on  holotype  and 
8  females,  holotype  listed  first,  range  of  all 
follows:  carapace  length  1.80  mm,  1.80- 
2.20  mm;  carapace  width  1.10  mm,  1.10- 
1..30  mm;  carapace  index  61,  58-63;  sternum 
length  0.90  mm,  0.90-1.10  mm;  sternum 
width  0.65  mm,  0.65-0.75  mm;  sternum 
index  72,  67-78. 

Femur  IV  length  1.40  mm,  1.30-1.75  mm; 
femur  IV  width  0.30  mm,  0.30-0.40  mm; 
leg  thickness  index  21,  19-23;  leg  length 
index  77,  72-83. 

x^bdomen  length  2.40  mm,  1.75-2.80  mm; 
abdomen  width  1.35  mm,  1.15-1.70  mm; 
abdomen  index  56,  54—65;  dorsal  sclerite 
length  1.40  mm,  1.00-1.65  mm;  dorsal  scle- 
rite width  1.05  mm,  0.95-1.45  mm;  dorsal 
sclerite  index  77,  77-129;  petiole  length 
0..30,    0..30-0.45   mm. 

Description.  Carapace  light  red-brown, 
with    lightly    granulose    suriace    and   very 
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sparse,  white  plumose  hairs.  Some  long 
setae  in  cephalic  region.  Eyes  large  and 
approximateh'  equal,  the  anterior  eyes  re- 
curved and  the  posterior  eyes  straight  when 
viewed  dorsally.  Carapace  narrower  in 
head  region  (cephalic  width  index  55-63) 
and  smoothly  truncated  anteriorly.  Thoracic 
groove  absent  (only  slight  indentation  re- 
maining). 

Abdomen  oval,  with  an  anterior  petiole 
and  dorsal  sclerite.  Petiole  red-brown 
rugose;  dorsal  sclerite  extends  about  half- 
way back,  is  red-brown  and  shiny,  with  a 
pair  of  spines  on  tubercles  at  the  anterior 
end  (Fig.  285).  Whole  abdomen  covered 
with  moderately  long,  thin  hairs;  greyish 
brown,  with  a  thin  light  horizontal  dorsal 
band  about  one  third  of  the  way  from 
spinnerets.  Ventral  abdomen  with  a  dark 
red-brown  epigastric  sclerite  (which  also 
forms  the  petiole)  and  two  faint,  beaded 
stripes  running  from  the  outside  edges  of 
the  sclerite  posteriorly. 

Sternum  orange,  with  sparse,  hairlike 
setae.    Pedicel  moderately   short. 

Chelicerae  light  brown,  with  two  moder- 
ate retromargin  teeth  and  two  promargin 
teeth,  the  distal  one  larger  and  the  proximal 
one  smaller  than  the  retromargin  teeth. 
A  very  small  but  clear  denticle  just  distal 
and  slightly  median  to  the  larger  promargin 
tooth. 

Coxae  I,  II,  and  III  yellow,  coxa  IV 
vellow-brown.  Trochanter  IV  notch  almost 
absent  (just  a  very  slight  dip). 

Femora  I  and  II  light  brown  at  base  and 
yeUow-white  at  distal  end,  slightly  darker 
on  the  sides;  femur  III  brown  on  sides  and 
yellow  on  edges;  femur  IV  light  brown. 
Rest  of  I  and  II  yellow-white;  rest  of  III 
yellow;  rest  of  IV  yellow,  with  light  brown 
sections  in  center  of  tibia  and  proximal 
two  thirds  of  metatarsus.  Tibia  I  ventral 
spination:    3-3,  moderately  long. 

External  epigynum  with  two  small, 
widely  separated  openings  (Fig.  234).  In- 
ternal structure  with  globose  spermathecae 


drawn  out  into  moderately  thin  posterior 
necks    ( Fig.    233 ) . 

MALE   (Costa  Rican) 

Measurements.  Based  on  10  males:  cara- 
pace length  1.65-1.90  mm;  carapace  width 
1.00-1.10  mm;  carapace  index  58-61;  ster- 
num length  0.80-0.95  mm;  sternum  width 
0.60-0.70  mm;  sternum  index  71-76. 

Femur  IV  length  1.3.5-1.60  mm;  femur 
IV  width  0.2.5-0.30  mm;  leg  thickness  index 
17-19;  leg  length  index  78-84. 

Abdomen  length  2.05-2.60  mm;  abdomen 
width  0.90-1.05  mm;  abdomen  index  .39- 
43;  petiole  length  0.5.5-0.65  mm. 

Embolus  length  0.04-0.05  mm;  bulb 
length  0.62-0.68  mm;  male  genital  index 
6-8. 

FEMALE  (Costa  Rican) 

Mea.mremcnts.  Based  on  10  females: 
carapace  length  1.90-2.20  mm;  carapace 
width  1.10-1..30  mm;  carapace  index  58-62; 
sternum  length  0.95-1.05  mm;  sternum 
width  0.70-0.75  mm;  sternum  index  69-74. 

Femur  IV  length  1.. 55-1. 80  mm;  femur 
IV  width  0..30-0.35  mm;  leg  thickness  index 
17-19;  leg  length  index  79-85. 

Abdomen  length  2.1.5-2.60  mm;  abdomen 
width  1.15-1.40  mm;  abdomen  index  53- 
58;  dorsal  sclerite  length  1.00-1.10  mm; 
dorsal  sclerite  width  1.00-1.15  mm;  dorsal 
sclerite  index  94-103;  petiole  length  0.40- 
0.50  mm. 

MALE   ( Panamanian ) 

Measurements.  Based  on  5  males:  cara- 
pace length  2.05-2.35  mm;  carapace  width 
1.20-1.35  mm;  carapace  index  55-58;  ster- 
num length  1.0.5-1.20  mm;  sternum  width 
0.6.5-0.75  mm;  sternum  index  62-68. 

Femur  IV  length  1.65-1.95  mm;  femur 
IV  width  0..3.5-0.40  mm;  leg  thickness  index 
19-21;  leg  length  index  81-84. 

Abdomen  length  2..50-2.95  mm;  abdomen 
width  1.0.5-1.20  mm;  abdomen  index  39- 
46;  petiole  length  0.40-0.55  mm. 
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Table  2.     Geographic  forms  of  Mazax  pax. 


Localiti 

es 

PANAMA 

COSTA   RICA 

MEXICO-TEXAS 

COLIMA 

Carapace  Lengtl 

( in  mm ) 

1 
S 
9 

2.0.5-2..35 
2.30-2.75 

1.6.5-1.90 
1.90-2.20 

1.60-1.90 

1.80-2.20 

1.90-2.20 

Leg    Thickness 
Inde.x 

9 

19-20 
17-20 

17-19 
17-19 

19-22 
19-23 

21 

White  phmiose 
hairs  on  cara- 
pace 

Numerous 

Numerous 

Very  sparse 

Very  sparse 

Dorsal  abdomin; 
sclei'te  ends 

al 

9 

At  impression 

At  impression 

At  impression 

Posterior  to 
impression 

Color 

9 

Orange  to  brown 
Orange  to  red- 
brown 

Brown-black 
Red-brown  to 
brown-black 

Red-brown 
Red-brown 

Red-brown 

Embolus   length   0.06   mm;    bulb   length 
0.6.3-0.70  mm;  male  genital  index  8-9. 


FEMALE   (Panamanian) 

Measurements.     Based 
carapace 


on  5  females: 
length  2.30-2.75  mm;  carapace 
width  1.35-1.50  mm;  carapace  index  55-59; 
sternum  length  1.15-1.30  mm;  sternum 
width  0.75-0.85  mm;  sternum  index  61-67. 

Femur  IV  length  1.9,5-2.25  mm;  femur 
1\'  width  0.35-0.40  mm;  leg  thickness  index 
17-20;  leg  length  index  82-85. 

Abdomen  length  2.9.5-3.20  mm;  abdomen 
width  1.45-1.65  mm;  abdomen  index  46- 
.54;  dorsal  sclerite  length  1.20-1.50  mm; 
dorsal  sclerite  width  1.20-1.45  mm;  dorsal 
sclerite  index  96-104;  petiole  length  0.40- 
0.70  mm. 

Diagnosis.  Mazax  pa.x  differs  from  all 
other  Mazax  species  in  its  tibia  I  ventral 
spination  of  3-3  and  the  presence  of  some 
white  plumose  hairs  on  the  carapace. 

Remarks.  The  type  is  from  Mexico,  and 
therefore  the  measurements  and  descrip- 
tions of  the  Mexican  form  are  presented 
first,  followed  by  measurements  of  the 
Costa  Rican  and  Panamanian  forms.  Table 
2  lists  the  differences  in  these  three  forms 
plus    an    additional    Mexican    form    from 


Colima.  Some  of  the  discontinuities  may 
be  the  result  of  discontinuous  collecting; 
further  collections  from  Mexico  and  Central 
America  may  clarify  the  situation. 

This  species  exhibits  moderately  strong 
sexual  dimorphism. 

Natural  history.  Mazax  pax  is  found  on 
dead  leaves  in  shady  areas;  it  walks  with 
an  antlike  gait,  the  first  pair  of  legs  raised 
to  give  the  illusion  of  antennae.  Both 
sexes   appear  to  mimic  small  myrmicines. 

Courtship,  but  not  mating,  of  M.  pax 
was  observed.  The  male  first  perceives  the 
presence  of  the  female,  often  after  momen- 
tarily touching  her  but  sometimes  ap- 
parently by  vision.  He  then  orients  his 
axis  at  right  angles  to  hers  and  stands  less 
than  an  inch  awav.  He  vibrates  his  ab- 
domen  horizontally  with  three  to  fi\e  single 
jerks  followed  by  a  longer  vibration.  This 
cycle  is  repeated  several  times  and  then  is 
followed  by  the  \ibration  of  the  whole 
body,  the  spider  moving  rapidly  up  and 
do\\'n  with  all  legs  on  the  ground.  This  is 
often  followed  by  jerky,  short,  forward 
hops  while  the  male  vibrates  his  pedipalps, 
raising  the  first  pair  of  legs  and  the  ab- 
domen at  each  hop.  The  courtship  ob- 
served  was   never   continued   beyond   this 
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point;  the  female  was  apparently  unrecep- 
tive. 

M.  pax  spins  a  round,  disclike,  yellow- 
white  egg  case  (in  the  same  manner  as 
Castmneira  Jongipalpus — see  Natural  his- 
tory under  that  species).  Of  twenty-eight 
egg  cases  studied,  six  had  three  eggs, 
thirteen  had  four  eggs,  seven  had  five  eggs, 
and  two  had  six  eggs  (an  average  of  4.2 
eggs  per  case ) .  Development  time  between 
egg  laying  and  emergence  of  the  spiderling 
from  the  egg  case  was  approximately  30 
days,  the  spiders  spending  their  first  instar 
in   the   case,    emerging   as   second   instars. 

Distribution.  Southernmost  Texas  south 
to  Panama  (Map  13). 

Records.  Texas.  Cameron  Co.,  Hidalgo 
Co.,  Starr  Co. 

MEXICO.  CoJima,  Guerrero,  Hidalgo, 
Oaxaca,  San  Luis  Potosi,  Tabasco,  Veracruz. 

COSTA  RICA.   Turrialba. 

CANAL  ZONE.  Barro  Colorado  Island, 
Corozal,  Fort  Sherman,  Gatun,  Summit. 

The  ajax  Group 

Mazax  ajax  new  species 
Figures  237-240.   Map  13. 

Holotype.  Male  from  4  mi.  NE  of 
Acayucan,  Mexico,  27-IV-1963  (W.  J. 
Gertsch  and  W.  Ivie);  in  the  American 
Museum  of  Natural  History.  The  specific 
name  is  a  noun  in  apposition  after  the 
Greek  warrior  Ajax. 

MALE 

Measurements.  Based  on  holotype  and 
one  male,  holotype  listed  first,  range  of 
both  follows:  carapace  length  2.95  mm, 
2.65-2.95  mm;  carapace  width  1.60  mm, 
1.50-1.60  mm;  carapace  index  54,  54-57; 
sternum  length  1.35  mm,  1.35  mm;  sternum 
width  0.85  mm,  0.85  mm;  sternum  index 
64,  64. 

Femur  IV  length  2.40  mm,  2.20-2.40  mm; 
femur  IV  width  0.40  mm,  0.3.5-0.40  mm; 
leg  thickness  index  16,  16;  leg  length  index 
82,  82-83. 


Abdomen  length  3.55  mm,  3.4.5-3.55  mm; 
abdomen  width  1.25  mm,  1.25-1..30  mm; 
abdomen  index  35,  .35-37. 

Embolus  length  0.21  mm,  0.21-0.23  mm; 
bulb  length  1.06  mm,  1.06-1.08  mm;  male 
genital  index  20,  20-21. 

Description.  Carapace  very  reddish  dark 
red-brown,  with  a  lightly  granulose  surface, 
and  hairless.  Eyes  moderate  and  approxi- 
mately equal,  the  anterior  medians  shghtly 
smaller  than  the  rest.  The  anterior  row 
moderately  recurved,  and  the  posterior  row 
slightly  recurved.  Carapace  narrowed  in 
head  region  (cephalic  width  index  59-61) 
and  truncated  smoothly  anteriorly.  Cara- 
pace reaching  liigh  apex  longitudinally 
along  median  and  falling  off  rapidly  on 
both  sides.    Thoracic  groove  moderate. 

Abdomen  elongated  (like  M.  plana), 
constricted  in  middle  with  a  moderate 
rugose  anterior  petiole  and  covered  with  a 
full,  dark  red-brown  dorsal  sclerite  lightly 
striated  anterior  to  constriction  and  shiny 
behind  it.  Sclerite  slightly  lighter  at  con- 
striction with  some  white  plumose  hairs. 
Whole  dorsum  covered  with  sparse,  simple 
hairs.  Epigastric  sclerite  (forming  petiole 
anteriorly),  almost  full  ventral  sclerite,  and 
small  inframammilliary  sclerite  all  red- 
brown.  No  spines  or  abdominal  setae 
present. 

Sternum  orange-brown  with  some  very 
long,  hairlike  setae. 

Chelicerae  orange-brown,  with  two  mod- 
erate retromargin  teeth  and  two  promargin 
teeth,  the  distal  one  larger  and  the  proximal 
one  smaller  than  the  retromargin  teeth. 
A  very  small  denticle  just  distal  and  slightly 
median  to  the  larger  promargin  tooth. 

Coxae  II  and  HI  dark  yellow-brown,  I 
and  IV  red-brown.  Trochanter  IV  notch 
small. 

Femur  I  light  yellow  with  dark  red- 
brown  basal  half  extending  as  two  stripes 
to  distal  end;  femora  II  and  III  dark  yel- 
low, with  red-brown  sides;  femur  IV 
orange,  with  red-brown  sides.  Rest  of  legs 
I     and    II     yellow — retrolateral    sides     of 
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patellac-tibiac  lightly  red-browTi,  meta- 
tarsus I  light  red-brown,  tarsi  lighter;  rest 
of  leg  III  dark  \ellow — both  sides  of 
patella-tibia  red-brown  and  tarsus  light 
yellow;  rest  of  leg  IV — patella-tibia  yellow- 
orange,  with  red-brown  sides,  metatarsus 
red-brown,  tarsus  light  yellow.  Legs  lightly 
hirsute.  Tibia  I  ventral  spination:  2-1, 
\ery  small  and  weak  at  distal  end. 

Pedipalp  with  a  very  small,  blunt,  tibial 
apophysis.  Tarsus  with  a  globose  genital 
bulb  drawn  out  into  a  long  neck  with  a 
fairly  long,  strong,  straight,  and  sclerotized 
embolus  (Figs.  237,  238). 

FEMALE 

Measurements.  Based  on  one  female: 
carapace  length  2.85  mm;  carapace  width 
L60  mm;  carapace  index  56;  sternum  length 
1.30  mm;  sternum  width  0.85  mm;  sternum 
index  68. 

Femur  IV  length  2.20  mm;  femur  IV 
width  0.40  mm;  leg  thickness  index  18;  leg 
length  index  77. 

Abdomen  length  2.75  mm;  abdomen 
width  1.30  mm;  abdomen  index  48;  dorsal 
sclerite  length  0.95  mm;  dorsal  sclerite 
width  0.90  mm;  dorsal  sclerite  index  93. 

Description.  This  specimen  is  light  and 
probably  not  yet  full  pigmented.  Carapace 
yellow-brown,  with  a  lightly  granulose  sur- 
face, and  hairless.  Eyes  moderate  and  ap- 
proximately equal,  the  anterior  medians 
slighdy  smaller  than  the  rest.  Eyes  bordered 
in  black.  The  anterior  row  moderately  re- 
curved, and  the  posterior  row  slightly  re- 
cur\'ed.  Carapace  narrowed  in  head  region 
(cephalic  width  index  64)  and  smoothly 
truncated  anteriorly.  Carapace  reaching 
high  apex  longitudinally  along  median  and 
falling  off  rapidly  on  both  sides.  Thoracic 
groove  moderate. 

Abdomen  oval,  with  a  median  constric- 
tion, a  moderate  orange-brown,  lightly 
granulose,  dorsal  sclerite  anterior  to  the 
constriction,  and  a  yellow-brown  anterior 
petiole.  Rest  of  dorsum  and  ventrum 
brownish  purple   (lighter  ventrally).    Epi- 


gastric sclerite  light  yellow-brown  and  a 
very  small,  light  red-brown,  inframammil- 
liary  sclerite.  No  spines  or  abdominal  setae 
present. 

Sternum  pale  orange-white  with  some 
very  long  hairlike  setae. 

Chelicerae  pale  brown,  with  two  moder- 
ate retromargin  teeth  and  two  promargin 
teeth,  the  distal  one  larger  and  the  proximal 
one  smaller  than  the  retromargin  teeth. 
A  very  small  denticle  just  distal  and  slightly 
median  to  the  larger  promargin  tooth. 

Coxae  II-IV  creamy  white,  I  light  pur- 
plish brown.   Trochanter  IV  notch  small. 

Femur  yellow-\\'hite,  with  a  dark  brown 
basal  half  and  two  side  stripes  to  distal 
end;  femora  II-IV  yellow-white,  with 
brown  sides  (especially  dark  on  prolateral 
sides  of  femur  II).  Rest  of  legs  I-III  pale 
yellow-white,  with  retrolateral  side  of 
patella-tibia  III  and  all  of  metatarsus  I 
brownish;  rest  of  leg  IV  pale  yellow-white, 
with  sides  of  patella-tibia  brownish  ( darker 
on  retrolateral  side)  and  metatarsus  IV 
brownish.  Legs  lightly  hirsute.  Tibia  I 
ventral  spination:  2-1,  very  small  and  weak 
at  distal  end. 

Epigynum  very  distinct,  with  two  large, 
slitlike  vertical  openings  externally  (Fig. 
240)  and  a  spermatheca  with  an  anterior 
bulb  and  a  long  posterior  neck  ending  in  a 
smaller  bulb  internally  ( Fig.  239 ) . 

Diag.nosis.  Mazax  a  fax  differs  from  all 
other  Mazax  species  in  its  tibia  I  ventral 
spination  (2-1  and  very  small)  and  its  very 
different  genitalia   (Figs.  237-240). 

Remarks.  While  this  species  undoubtedly 
belongs  to  Mazax,  it  is  radically  different 
from  the  other  four  species;  the  divergence 
in  genitalic  characters  suggests  an  early 
separation  from  the  rest  of  the  genus. 

Natural  history.  Nothing  is  known  of  the 
habits  of  this  species,  though  it  is  probably 
an  ant  mimic. 

Distribution.   Southern  Mexico  (Map  13). 

Records.  MEXICO.  Mexico,  Oaxaca, 
Veracruz. 
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Myrmecofypus  O.  P.-Cambridge 

Mijrmecotypus  O.  P.-Cambridge,  1894,  Biol. 
Centrali-Americana  Arachnida  1:123-124,  pi. 
18,  fig.  6,  9.  Type-species  by  monotypy: 
Mijrmecotypus  fuUgirwsus  O.  P.-Cambridge,  ap. 
cit.,  1:124,  pi.  18,  fig.  6,  9,  from  Teapa, 
Tabasco,  Mexico;  in  the  British  Museum  (Nat- 
ural History),  e.xamined. 

Characteristics.  Two  rows  of  eyes,  the 
posterior  row  much  wider  than  the  an- 
terior row;  both  rows  moderately  recurved, 
the  anterior  more  strongly  than  the  pos- 
terior (except  anterior  row  in  M.  Uneatus 
almost  straight);  posterior  eyes  and  an- 
terior lateral  eyes  fairly  small  and  equal, 
with  anterior  median  eyes  about  twice  the 
diameter  of  the  anterior  lateral  eyes. 

Thoracic  groove  never  present  but  often 
a  slight  thoracic  depression  in  its  place. 
Cephalic  region  of  carapace  wide  ( cephalic 
width  index  64-89  with  M.  pilosus  ac- 
counting for  values  below  72). 

Tibia  I  ventral  spination  2-2,  3-3,  or  4-4. 
Trochanter  IV  notch  usually  absent,  with 
only  an  extremely  small  one  if  present. 

Carapace  length  1.75-5.75  mm,  with  a 
carapace  index  of  39-53   (fairly  narrow). 

Distribution.  Mexico,  Central  and  South 
America. 

Discussion.  The  genitalic  differences  be- 
tween the  species  groups  of  Mijrmecotypus 
are  very  great,  which  suggests  a  mono- 
phyletic  origin  with  convergent  mimetic 
characteristics  uniting  the  group. 

M.  niger  is  probably  somewhat  related  to 
the  olympus  group.  M.  pilosus  and  M. 
Uneatus  are  at\'pical,  the  former  perhaps 
related  to  some  Old  World  forms  and  the 
latter  mysteriously  unique. 

Key  to  the  Males  and  Females  of 
Myrmecotypus 

la.    Tibia  I  ventral  spination:    2-2;  eyes  small; 

abdomen    strongly   constricted    (Fig.    155) 

(eastern  U.  S.)  Uneatus  p.  272 

lb.    Not    as    above,    tibia    I    ventral    spination: 

3-3  or  4-4  -- 2 

2  a.    Coxae  I  and  II  bright  white  to  yellow-white, 

much  lighter  than  coxae  III  and  IV 3 

2b.    Not  as  above,  either  coxae  II   and  III  or 

just  co.xa   II   light   6 


3  a.    Carapace  with  a  deep  groove  between  the 

cephalic  and  thoracic  regions;  small   (cara- 
pace length  1.75-2.30)   4 

3b.    No   deep  groove  on   carapace   5 

4  a.    Dark  brown-black   carapace;   distinct  male 

and     female     genitalia      (Figs.     253-257) 
(Panama)  orpheus  p.  277 

4b.  Orange-brown  carapace;  distinct  male  and 
female  genitaha  (Figs.  258-261)  (Panama) 
olympus  p.   275 

5a.  Large  (carapace  length  5.15-5.75  mm) 
with  a  longitudinal  row  of  erect,  dense 
hairs  on   thoracic   region;   distinct  genitalia 

(Figs.  262-265)    (Panama)   

retteumeyeri  p.  278 

5b.  Smaller  (carapace  length  2.4.5-2.65  mm) 
with  distinct  genitaha  (Figs.  241-244) 
(Panama)  niger  p.  274 

6a.  Coxa  II  light  yellow- white,  rest  of  the 
coxae  dark;  long  simple  hairs  on  abdomen; 

distinct    genitalia     (Figs.    245-248)     

pilosus  p.  280 

6b.  Coxae  II  and  III  much  lighter  than  coxae 
I    and    IV    7 

7a.  External  epigynum  as  in  Fig.  251  (Mexico) 
fuliginosus  p.  270 

7b.  External  epigynum  as  in  Fig.  250  ( Panama ) 
lineatipes  p.  271 

The  fuliginosus  Group 

Characteristics.  Coxae  II  and  III  yellow- 
white  to  white,  other  coxae  darker.  Ex- 
ternal epigynal  openings  moderate  to  small 
and  medially  directed.  Tibia  I  ventral 
spination  3-3. 

Discussion.  The  two  species  in  this  group, 
Myrmecotypus  fuliginosus  and  M.  lineatipes, 
are  only  known  from  a  single  female  in 
each  case  and  are  closely  related. 

Myrmecofypus  fuliginosus  O.  P.-Cambridge 
Figures  251,  252.   Map  14. 

Myrmecofypus  fuliginosus  O.  P.-Cambridge,  1894, 
Biol.  Centrali-Americana  Arachnida  1:124,  pi. 
18,  fig.  6,  9,  from  Teapa,  Tabasco,  Mexico; 
in  the  British  Museum  (Natural  History),  ex- 
amined. 

FEMALE 

Measurements.  Based  on  one  female 
holotype:  carapace  length  2.35  mm;  cara- 
pace width  1.20  mm;  carapace  index  52; 
sternum  length  1.05  mm;  sternum  width 
0.65  mm;  sternimi  index  61. 


Castianeirinae  of  North  and  Central  America  •  Reiskind        271 


Femur  IV  length  1.60  mm;  femur  IV 
width  0.35  mm;  leg  thickness  index  21; 
leg  length  index  67. 

Abdomen  length  2.50  mm;  abdomen 
width  1.95  mm;  abdomen  index  79;  dorsal 
sclerite  length  0.80  mm;  dorsal  sclerite 
width  0.80  mm;  dorsal  sclerite  index  100. 

Description.  Carapace  red-brown  with 
some  white  hairs.  Eyes  small  and  equal, 
except  the  anterior  median  eyes  almost 
twice  the  diameter  of  anterior  laterals; 
both  rows  recurved  when  viewed  dorsally, 
the  posterior  row  almost  two-fifths  wider 
than  the  anterior  row.  Carapace  some- 
what narrowed  in  head  region  (cephalic 
width  index  72)  and  squarely  truncated 
anteriorly.  Thoracic  groove  absent. 

Abdomen  wide,  with  a  fairly  small,  red- 
brown  dorsal  sclerite,  and  covered  with 
some  white  plumose  hairs.  Epigastric 
sclerite  red-browai.  Ventrum  orange-brown. 
Small  inframammilliary  sclerite  orange- 
brown.  First  pair  of  abdominal  setae  thin 
and  long,  second  pair  moderate  and  long. 

Sternum  red-brown,  elongate,  shield- 
shaped,  shghtly  pinched  at  coxa  III,  and 
with  some  light  hairs. 

Chelicerae  red-brown,  with  two  moder- 
ate retromargin  teeth,  the  distal  a  bit 
smaller  than  the  proximal,  and  two  pro- 
margin  teeth,  the  distal  one  much  larger 
and  the  proximal  slightly  smaller  than  the 
retromargin  teeth. 

Coxae  I  and  IV  dark  orange-brown;  II 
and  III  pale  yellow-white.  Trochanter  IV 
notch  very  small. 

Femur  I  with  brown  basal  half  and  light 
yellow  distal  half,  with  a  dorsal  brown 
stripe;  femur  II  yellow,  wdth  brown  sides 
and  short  dorsal  stripe  at  distal  end;  femora 
III  and  IV  dark  orange-brown.  Rest  of 
legs  I  and  II — patellae-tibiae  and  meta- 
tarsi striped  yellow,  with  brown  sides,  tarsi 
yellow^;  rest  of  leg  III — patella-tibia  dark 
red-brown,  with  yellow-orange  tarsus.  Legs 
lightly  hirsute.  Tibia  I  ventral  spination: 
3-3,  very  long  and  moderately  thin. 

External  epigynum  with  two  small  open- 


ings at  lateral  ends  of  a  horizontal  lip  ( Fig. 
251).  Internal  structure  with  two  globose 
spermathecae  with  wide  necks  extending 
posteriorly  (Fig.  252). 

Diagnosis.  Mynnecottjpus  fiiliginosiis  dif- 
fers from  M.  lineatipes  in  its  much  smaller 
epigynal  openings. 

Natural  history.  Nothing  is  known  of  the 
habits  of  this  species. 

Disiribution.  Known  only  from  its  type 
locality  in  Tabasco,  Mexico  (Map  14). 

Records.    MEXICO.    Tabasco. 

Myrmecotypus  lineafipes  Chickering 
Figures  249,  250.    Map  14. 

Myrmecotypus  lineatipes  Chickering,  1937,  Trans. 
Anier.  Microscop.  Soc.  56(  1 )  :34-35,  figs.  1,  32, 
$ ,  from  Barro  Colorado  Island,  Panama  Canal 
Zone;  in  the  Museum  of  Comparative  Zoology, 
examined. 

FEMALE 

Measurements.  Based  on  one  female 
holotype:  carapace  length  3.10  mm;  cara- 
pace width  1.50  mm;  carapace  index  49; 
sternum  length  1.30  mm;  sternum  width 
0.75  mm;  sternum  index  58. 

Femur  IV  length  2.30  mm;  femur  IV 
width  0.45  mm;  leg  thickness  index  19;  leg 
length  index  73. 

Abdomen  length  3.20  mm;  abdomen 
width  2.40  mm;  abdomen  index  75;  dorsal 
sclerite  length  0.85  mm;  dorsal  sclerite 
width  0.95  mm;  dorsal  sclerite  index  115. 

Description.  Carapace  brown-black  with 
long,  thin,  white  hairs.  Eyes  small  and 
equal  except  the  anterior  median  eyes 
almost  twice  the  diameter  of  anterior 
laterals;  both  rows  recurved  when  viewed 
dorsally,  the  posterior  row  one  third  wider 
than  the  anterior  row.  Carapace  only 
slightly  narrowed  in  head  region  (cephalic 
width  index  79)  and  squarely  truncated 
anteriorly.  Thoracic  groove  absent  with  a 
slight  depression  in  its  place. 

Abdomen  short  and  wide,  with  a  fairly 
small,  brown-black  dorsal  sclerite.  x\b- 
domen  covered  with  heavy  yellowish  pu- 
bescence and  longer,  sparser  hairs.   \'entral 
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abdomen  with  a  dark  red-brown  epigastric 
sclerite.  First  pair  of  abdominal  setae  very 
thin,  second  pair  moderately  thin.  Pedicel 
fairly  short. 

Sternum  brown-black,  elongate,  and 
pinched  slightly  at  coxa  III,  with  very 
sparse,   thin   setae. 

Chelicerae  moderately  brown-black,  with 
two  moderate  teeth,  the  distal  a  bit  smaller 
than  the  proximal  one,  and  two  promargin 
teeth,  the  distal  one  much  larger  and  the 
proximal  one  slightly  smaller  than  the  retro- 
margin  teeth. 

Coxa  I  moderately  brown-black,  IV  dark 
brown-black,  and  II  and  III  brilliant  white. 
Trochanter  IV  notch  absent. 

Femora  I  and  II  striped,  with  a  thin 
dorsal  and  partial  lateral  black-brown 
stripes  on  yellow-white  ground,  femora  III 
and  IV  black-brown  (somewhat  lightened 
at  distal  end);  patellae-tibiae  I  and  II  with 
lateral  dark  stripes,  metatarsus  I  also 
striped,  but  II  dark  yellow;  tarsi  I  and  II 
yellow  white;  rest  of  III  and  IV  gradually 
lightening  from  black-brown  to  red-brown, 
with  patellae,  distal  end  of  tibiae  and  tarsi 
much  lighter.  Tibia  I  ventral  spination: 
3-3. 

External  epigynum  with  two  fairly  large 
flared  openings  (Fig.  250).  Internal  struc- 
ture with  somewhat  globose  spermathecae 
having  posterior  thin  necks   (Fig.  251). 

Diagnosis.  Myrmecotypus  lineatipes  dif- 
fers from  M.  fuligino.sus  in  its  much  larger 
epigynal  openings. 

Remarks.  M.  lineatipes  is  very  closely 
related  to  M.  fuUginosiis,  differing  slightly 
in  genitalia  and  size. 

Natural  history.  Nothing  is  known  of 
the  habits  of  this  species. 

Distribution.    Panama    (Map   14). 
Records.    CANAL  ZONE.    Barro  Colo- 
rado Island. 

The  LI  neat  us  Group 

Myrmecotypus  lineafus  (Emerton),  new  com- 
bination Figures  111,  112,  153-155. 
Map  15. 


Castianeira  lineata  Emerton,  1909,  Trans.  Con- 
necticut Acad.  Sci.  14(3) :216,  pi.  10,  fig.  5,  $, 
from  Sharon,  Massachusetts;  in  the  Museum  of 
Comparative  Zoology,  examined. 

FEMALE 

Measurements.  Based  on  holotype  and 
6  females,  holotype  listed  first,  range  of  all 
follows:  carapace  length  2.70  mm,  2.35- 
2.75  mm;  carapace  width  1.40  mm,  1.20- 
1.40  mm;  carapace  index  52,  48-53;  sternum 
length  1.20  mm,  1.05-1.25  mm;  sternum 
width  0.70  mm,  0.70-0.75  mm;  sternum 
index  55,  55-70. 

Femur  IV  length  2.35  mm,  2.00-2.40  mm; 
femur  IV  width  0.30  mm,  0.30-0.35  mm; 
leg  thickness  index  14,  13-15;  leg  length 
index  87,  80-90. 

Abdomen  length  2.85  mm,  2.85-3.60  mm; 
abdomen  width  1.40  mm,  1.20-2.25  mm; 
abdomen  index  49,  39-65;  dorsal  sclerite 
length  0.80  mm,  0.6.5-1.00  mm;  dorsal 
sclerite  width  0.60  mm,  0.50-0.60  mm; 
dorsal  sclerite  index  76,  58-76. 

Description .  Carapace  yellow-orange, 
hairless  and  long,  slightly  darker  in  cephalic 
region.  Cephalic  region  quite  wide  (ce- 
phalic width  index  72-78)  and  truncated 
anteriorly.  Eyes  very  small,  equal  (an- 
terior median  eyes  slightly  larger  than  an- 
terior lateral  eyes)  and  bordered  in  black 
( Fig.  153 ) .  Carapace  narrows  considerably 
behind,  with  posterior  end  raised  slightly 
(Fig.  154).  Thoracic  groove  absent,  but  a 
small  longitudinal  impression  present. 

Abdomen  long  oval,  with  a  very  strong 
median  constriction  and  a  moderate  yellow 
dorsal  sclerite.  Two  thin  horizontal  white 
hairs  bands — one  over  the  sclerite  and  one 
at  constriction.  Posterior  third  of  abdomen 
dark  purple-brown,  with  several  pairs  of 
Hght  spots  (Fig.  155).  Epigastric  sclerite 
light  yellow.  Ventrum  creamy  white.  First 
pair  of  abdominal  setae  very  thin  and  long, 
second  pair  moderate  and  fairly  stout. 

Stcmum  shield-shaped,  long,  light  yel- 
low, with  a  few  long,  very  thin  setae. 
Pedicel   moderately   long. 

Chelicerae  orange,  with  two  moderately 
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MAP    14 

•  Myrmecotypiis    pilosus 

A  M.    lineatipes,    M,    iiiger 
M.    olympiis,    M.    orpheus 
rettenmeyeri 

O  M.    fiiliginosus 


small  retromargin  teeth  and  two  promargin 
teeth,  the  distal  larger  and  the  proximal 
smaller  than  the  retromargin  teeth;  an 
extremely  small  denticle  just  medial  and 
distal  to  the  larger  promargin  tooth.  Several 
fairly  thick,  serrated  setae  at  jjroniargin 
chelicerae  apex. 

Coxa  I  light  tan,  II  and  III  creamy  white, 
IV  yellow-white.  Trochanter  IV  notch 
absent. 

Legs  very  thin.  Femora  striped — I  and 
II  light  yellow-white,  with  dark  brown 
dorsal  and  prolateral  stripes.  III  yellow, 
with  dorsal  and  lateral  red-brown  stripes, 
I\'  dark  yellow,  with  dorsal  and  retro- 
lateral  light  red-brown  stripes.  Rest  of  legs 
I  and  II  yellow-white;  rest  of  leg  III — 
patella-tibia  yellow,  slightly  striped,  meta- 
tarsus and  tarsus  light  yellow;  rest  of  leg 
IV — patella  yellow,  tibia  striped  like  femur 
IV,  metatarsus  red-brown,  tarsus  creamy 
white.  Legs  lightly  hirsute.  Tibia  I  ventral 
spination:    2-2,  thin  and  long. 

External  epigynum  with  two  small  circu- 


MAP    15 
•  Myniiecotypus    lineatus 


lar  openings  (Fig.  112).  Internal  structure 
with  rounded  spermathecae  and  wide  pos- 
terior necks   (Fig.  111). 

Diagnosis.  Myrmecotypus  lineatus  dif- 
fers from  all  other  Mynnecotypus  in  its 
small  eyes  (Fig.  153),  its  tibia  I  ventral 
spination  (2-2),  and  its  abdominal  shape 
and  pattern   (Fig.  155). 

Remarks.  This  species  is  found  along  the 
eastern  seaboard  of  the  U.S.  from  Mas- 
sachusetts to  Florida.  It  is  most  abundant 
in  Florida,  which  is  probably  the  center  of 
its  distribution,  with  Massachusetts  (the 
type  locality)  a  peripheral  area. 

This  atypical  Myrmecotypus  is  not  closely 
related  to  any  other  species. 

Natural  history.  Nothing  is  known  of  the 
habits  of  this  species. 

Distribution.  Massachusetts  to  Florida 
(Map  15). 

Records.  Florida.  Alachua  Co.,  Bradford 
Co.,  Clay  Co.,  Jackson  Co.,  Pinellas  Co. 
Massachusetts.  Norfolk  Co.,  New  Jersey. 
Ocean  Co. 
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Myrmecofypus   niger  Chickering 
Figures  241-244,  286.    Map  14. 

Myrmecotyptts  niger  Chickering,  1937,  Trans. 
Anier.  Microscop.  Soc.  56(  1 )  :3.5-37,  figs.  42, 
54,  $ ,  from  Barro  Colorado  Island,  Panama 
Canal  Zone;  in  the  Museum  of  Comparative 
Zoology,  examined. 

MALE 

Measurements.  Based  on  one  male  holo- 
type:  carapace  length  2.45  mm;  carapace 
width  1.10  mm;  carapace  index  46;  sternmn 
length  1.10  mm;  sternum  width  0.65  mm; 
sternum  index  57. 

Femur  IV  length  1.65  mm;  femur  IV 
width  0.35  mm;  leg  thickness  index  20; 
leg  length  index  68. 

Abdomen  length  1.90  mm;  abdomen 
width  1.35  mm;  abdomen  index  71. 

Embolus  length  0.08  mm;  bulb  length 
0.75  mm;  male  genital  index  11. 

Description.  Carapace  dark  reddish 
brown,  with  thin,  long,  white  hair.  A 
distinct,  shallow,  horizontal  impression  be- 
tween the  cephalic  and  thoracic  regions. 
Eyes  small  and  equal  except  the  anterior 
median  eyes  almost  twice  the  diameter  of 
anterior  laterals;  both  rows  recur\ed  when 
viewed  dorsally,  the  posterior  row  one-half 
wider  than  the  anterior  row.  Carapace 
only  slightly  narrowed  in  head  region  (ce- 
phalic width  index  86)  and  squarely  trun- 
cated anteriorly.  Thoracic  groove  absent, 
with  a  depression  in  its  place. 

Abdomen  short  and  rounded,  with  three- 
fourths  full  red-brown  dorsal  sclerite 
covered  with  fairly  long  white  pubescence. 
Ventral  abdomen  with  a  red-brown  epi- 
gastric sclerite,  a  square  ventral  sclerite 
posterior  to  the  epigastric  furrow,  and  a 
small  inframammilliary  sclerite.  Abdominal 
setae  very  long — first  pair  very  thin,  second 
pair  moderately  thin.  Short  rugose  petiole 
and  a  short  pedicel. 

Sternum  deep  maroon,  with  sparse,  hair- 
like setae. 

Chelicerae  dark  red-brown,  with  two  mod- 
erately small  retromargin  teeth  and  two 
promargin  teeth,  the  distal  one  much  larger 


than,  and  the  proximal  one  the  same  size  as, 
the  retromargin  teeth.  A  very  small  denticle 
just  distal  and  slightly  median  to  the  larger 
promargin  tooth. 

Coxa  I  light  \'ellow-brown,  II  yellow- 
white,  III  and  IV  brown-black.  Trochanter 
IV  notch  absent. 

Leg  I  missing.  Femora  red-brown,  dark- 
ening from  II  to  IV.  Patella-tibia  and 
metatarsus  II  laterally  striped  with  brown- 
black.  Rest  of  legs  III  and  IV  red-brown. 
Legs  lightly  hirsute. 

Pedipalp  with  no  tibial  apophysis.  Tarsus 
with  a  globose  genital  bulb  drawn  out  into 
a  short  neck  with  two  sclerotized  terminal 
structures — a  straight  embolus  and  a  hooked 
conductor  (Figs.  243,  244). 

FEMALE 

Measurements.  Based  on  one  female: 
carapace  length  2.65  mm;  carapace  width 
1.20  mm;  carapace  index  45;  sternum  length 
1.15  mm;  sternum  width  0.60  mm;  sternum 
index  50. 

Femur  IV  length  1.80  mm;  femur  IV 
width  0.30  mm;  leg  thickness  index  18;  leg 
length  index  68. 

Abdomen  length  2.05  mm;  abdomen 
width  1.75  mm;  abdomen  index  87;  dorsal 
sclerite  length  1.45  mm;  dorsal  sclerite 
width   1.75  mm;  dorsal  sclerite  index  122. 

Description.  Carapace  dark  maroon- 
brown  with  light,  low  pubescence.  A  dis- 
tinct shallow  impression  between  the  ce- 
phalic and  thoracic  regions.  Black  hair 
bands  starting  at  impression  and  running 
laterally  and  posteriorly  (Fig.  286).  Eyes 
small  and  equal  except  the  anterior  median 
eyes  almost  twice  the  diameter  of  anterior 
laterals,  both  rows  recurved  when  viewed 
dorsally,  the  posterior  row  two-fifths  wider 
than  the  anterior  row.  Carapace  only 
slightly  narrowed  in  cephalic  region  (ce- 
phalic width  index  89 )  and  squarely  trun- 
cated anteriorly.  Thoracic  groove  absent, 
with  a  distinct  depression  in  its  place. 

Abdomen  short  and  rounded  with  an 
almost    three-fourths    full,    maroon-brown, 
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dorsal  sclerite.  Rest  of  dorsum  and  ventrum 
blackish.  Epigastric  and  small  inframam- 
milliary  sclerites  red-brown. 

Sternum  deep  maroon  with  sparse,  hair- 
like setae. 

Chelicerae  dark  red-brown,  with  two 
moderately  small  retromargin  teeth  and 
two  promargin  teeth,  the  distal  one  much 
larger  than,  and  the  proximal  one  the  same 
size  as,  the  retromargin  teeth.  A  very  small 
denticle  just  distal  and  slightly  median  to 
the  larger  promargin  tooth. 

Coxa  I  light  yellow-brown,  II  yellow- 
white,  III  and  IV  brown-black.  Trochanter 
I\"  notch  absent. 

Femur  I  basallv  vellow,  distallv  white, 
with  a  thin  ventral  and  a  moderate  dorsal 
red-browTi  stripe;  femur  II  yellow  with 
orange-browTi  sides;  femora  III  and  IV 
orange-brown.  Rest  of  leg  I — patella-tibia 
yellow-white  with  dark  red-brown  sides, 
metatarsus  dark  red-brown,  tarsus  creamy 
white;  rest  of  leg  II — patella-tibia  and 
metatarsus  yellow-white  with  red-brown 
sides,  tarsus  light  yellow;  rest  of  legs  III 
and  IV  orange-brown,  distal  half  of  tarsi 
light  yellow.  Legs  lightly  hirsute.  Tibia 
I  ventral  spination:    4—4,  moderately  long. 

External  epigynum  with  two  flared 
openings  (Fig.  242).  Internal  structure 
with  long,  globose  spermathecae  with  thick 
necks  and  verv  thin  bursae  copulatrices 
(Fig.  241). 

Diagnosis.  Mtjrmccofypus  niger  differs 
from  other  Myrmecotypus  in  its  wide  ce- 
phalic region  (male  cephalic  width  index 
86,  female  89),  male  genitalia  (with  two 
pronged  terminal  processes  on  the  genital 
bulb),  female  genitalia,  and  tibia  I  ventral 
spination   ( 4-4 ) . 

Remarks.  M.  niger  resembles  M.  ret- 
tennieycri  in  coxae  color  pattern  and  high 
values  for  the  cephalic  width  index,  but  the 
genitalia  are  quite  different. 

Natural  history.  Nothing  is  known  of  the 
habits  of  this  species. 

Distribution.    Panama   (Map  14). 


Records.  CANAL  ZONE.  Barro  Colo- 
rado Island.  Summit. 

The  OLYMPUS  Group 

Characteristics.  Coxae  I  and  II  are  white, 
other  coxae  much  darker.  Tibia  I  ventral 
spination  3-3.  Male  genital  bulb  with  both 
loops  lateral  to  the  main  palpal  duct. 

Myrmecotypus  olympus  new  species 
Figures  258-261,  289.    Map  14. 

Holotype.  Male  from  Barro  Colorado 
Island,  Panama  Canal  Zone,  18- VII- 1954 
(A.  M.  Chickering);  in  the  Museum  of 
Comparative  Zoology.  The  specific  name 
is  a  noun  in  apposition  after  the  m\thical 
abode  of  the  Creek  gods. 

MALE 

Measurements.  Based  on  one  male  holo- 
type: carapace  length  2.25  mm;  carapace 
width  1.10  mm;  carapace  index  50;  sternum 
length  0.95  mm;  sternum  width  0.60  mm; 
sternum  index  60. 

Femur  IV  length  1.65  mm;  femur  IV 
width  0.30  mm;  leg  thickness  index  20;  leg 
length  index  73. 

Abdomen  length  1.75  mm;  abdomen 
width  1.20  mm;  abdomen  index  70. 

Cenital  bulb  length  0.83  mm. 

Description.  Fairly  small  spider.  Cara- 
pace with  a  very  strong  wide  groove  be- 
tween the  cephalic  and  thoracic  region; 
orange-brown,  with  some  short  white 
pubescence.  Eyes  in  two  recur\ed  rows, 
the  posterior  row  about  two-fifths  wider 
than  the  anterior  row;  the  posterior  eyes 
moderately  small  and  equal,  the  anterior 
medians  larger  and  the  anterior  laterals 
smaller  than  the  posterior  eyes.  Eyes 
bordered  in  black.  Cephalic  region  nar- 
rower than  the  thoracic  region  (cephalic 
width  index  72)  and  squarely  truncated 
anteriorly.    Thoracic  groove  absent. 

Abdomen  oval,  with  an  almost  full 
orange-brown  sclerite  and  a  thin  yellow 
horizontal  band.  Epigastric  and  moderately 
large    ventral   sclerite    light   yellow-brown. 
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Moderately  large  brownish  inframam- 
milliary  sclerite.  First  pair  of  abdominal 
setae  very  thin,  second  pair  moderate. 

Sternum  shield-shaped  and  elongated, 
mottled  brown  and  yellow,  with  some  long, 
light  hairs. 

Chelicerae  pale  yellow-brown  with  two 
moderateh-  small  retromargin  teeth  and  two 
promargin  teeth,  the  distal  larger  and  the 
proximal  slightly  smaller  than  the  retro- 
margin  teeth;  a  moderately  strong  denticle 
medial  and  distal  to  the  larger  retromargin 
tooth. 

Coxae  I  and  II  brilliant  white,  coxae  III 
and  IV  pale  yellow-brown.  Trochanter  IV 
notch  absent. 

Femora  I  and  II  striped  creamy  white. 
with  a  dark  brown  stripe  on  each  side  of 
dorsum;  femora  III  and  IV  reddish  brown 
(with  ventrum  and  dorsum  of  III  light 
yellow  and  base  of  IV  yellow).  Rest  of  I 
and  II  with  striped  patellae-tibiae  and 
metatarsi  (yellow-white  with  browii  sides) 
and  creamv  white  tarsi;  rest  of  III  and  IV 
dark  reddish  \ellow-brown,  with  white 
patella  IV  and  light  yellow-white  tarsi. 
Legs  moderatel\-  lightly  hirsute.  Tibia  I 
ventral  spination:  .'3-3,  moderate!)-  thin  and 
short. 

Pedipalp  w  ith  no  tibial  apophysis.  Tarsus 
with  a  globose  bulb  drawn  out  into  a  short 
neck  with  a  strong,  curved  embolus.  Palpal 
ducts  with  two  loops  both  lateral  to  the 
embolus  tube  ( Fig.  260 ) .  A  group  of  thick, 
heavy  spines  near  the  base  of  cymbium, 
near  lateral  edge  (Fig.  261). 

FEMALE 

Measurements.  Based  on  one  female: 
carapace  length  2.30  mm;  carapace  width 
1.10  mm;  carapace  index  47;  sternum  length 
1.00  mm;  sternum  width  0.60  mm;  sternum 
index  61. 

Femur  IV  length  1.65  mm;  femur  IV 
width  0.30  mm;  leg  thickness  index  19;  leg 
length  index  72. 

Abdomen  length  2.20  mm;  abdomen 
width  1.65  mm;  abdomen  index  75;  dorsal 


sclerite    length    1.50    mm;    dorsal    sclerite 
width   1.50  mm;  dorsal  sclerite  index  100. 

Description.  Fairly  small  spider.  Cara- 
pace with  a  very  strong,  wide  groove  be- 
tween the  cephalic  and  thoracic  region. 
Cephalic  region  orange-brown  and  hairless, 
thoracic  region  red-brown  with  some  long 
hairs,  with  some  dark  markings  in  the 
center.  Eyes  in  two  recurved  rows,  the 
posterior  row  about  two-fifths  wider  than 
the  anterior  row;  the  posterior  eyes  moder- 
ately small  and  equal,  the  anterior  medians 
larger  and  the  anterior  laterals  smaller 
than  the  posterior  eyes.  Eyes  bordered  in 
black.  Cephalic  region  narrower  than  the 
thoracic  region  (cephalic  width  index  81) 
and  squarely  truncated  anteriorly.  Thoracic 
groove  absent. 

Abdomen  a  wide  oval,  with  a  moderately 
large  red-brown  dorsal  sclerite  with  a  hori- 
zontal \elIo\v  stripe  across  it  ( Fig.  289 ) . 
Rest  of  dorsum  and  ventrum  brownish 
purple.  Epigastric  and  small  inframammil- 
liary  sclerites  red-brown.  First  pair  of  ab- 
dominal setae  very  thin,  second  pair  moder- 
ately thin. 

Sternum  shield-shaped  and  elongated, 
mottled  brown  and  >  ellow,  with  some  long, 
light  hairs. 

Chelicerae  deep  yellow,  with  two  moder- 
ately small  retromargin  teeth  and  two 
promargin  teeth,  the  distal  larger  and  the 
proximal  slightly  smaller  than  the  retro- 
margin teeth;  a  strong  denticle  medial  and 
distal  to  the  larger  retromargin  tooth.  About 
eight  heavy,  serrated  setae  at  promarginal 
apex  of  each  chelicerae. 

Coxae  I  and  II  brilliant  white,  coxae  III 
and  I\'  dark  yellow-browii.  Trochanter  IV 
notch  absent. 

Femora  I  and  II  striped  creamy  white, 
w  ith  a  dark  brown  stripe  on  each  side  of 
dorsum;  femora  III  and  IV  dark  red-brown 
(shghtly  darker  on  sides).  Rest  of  legs  I 
and  II  with  striped  patellae-tibiae  (light 
yellow^  with  brown  sides),  red-brown  meta- 
tarsi, yellow-white  tarsi;  rest  of  legs  III  and 
IV  red-brown,  with  light  yellow  patella  IV, 
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\ellow-\vhite  tarsus  III,  and  yellow-orange 
tarsus  IV.  Legs  moderately  lightly  hirsute. 
Tibia  I  ventral  spination:  3-3,  moderateh' 
thin  and  very  long. 

External  epigynum  with  two  anteriorly 
directed  semicircular  openings  ( Fig.  258 ) . 
Internal  structure  with  bursae  copulatrices 
running  to  globose  spermathecae  having 
wide  necks  ( Fig.  259  ) . 

Dia<i,nosis.  Myrmecotypus  olympus  has  a 
strong  impression  between  the  thoracic  and 
cephalic  regions,  is  orange-brown,  and  has 
distinctive  male  and  female  genitalia. 

Rcnuirks.  This  species  is  closely  related 
to  M.  orpheus.  and  the  male  genitalia,  with 
its  double  lateral  loop  and  low  twist,  sug- 
gests a  relationship  with  the  highly  modi- 
fied M.  rettenmeyeri. 

Natural  history.  Nothing  is  known  of  the 
habits  of  this  spider,  but  its  general  ap- 
pearance is  antlike,  probably  mimicking 
some  small  formicine  ants. 

Distribution.   Panama  (Map  14). 

Records.  CANAL  ZONE.  Barro  Colo- 
rado Island. 

Myrmecotypus  orpheus  new  species 
Figures  253-257,  288.  Map  14. 

HoJoti/pe.  Male  from  Summit  Gardens, 
Panama'  Canal  Zone,  12-\'-I964  (A.  M. 
Chickering);  in  the  Museum  of  Compara- 
tive Zoology.  The  specific  name  is  a  noun 
in  apposition  after  the  mythical  Greek 
lo\  er  Orpheus. 

MALE 

Measurements.  Based  on  holotype  and 
one  male,  holotype  listed  first,  range  of 
both  follows:  carapace  length  1.75  mm, 
1.7.5-1.95  mm;  carapace  width  0.90  mm, 
0.90-0.95  mm;  carapace  index  51,  48-51; 
sternum  length  0.75  mm,  0.75-0.80  mm; 
sternum  width  0.45  mm,  0.45  mm;  sternum 
index  63,  56-63. 

Femur  IV  length  1.30  mm,  1.30-1.40  mm; 
femur  IV  width  0.25  mm,  0.25  mm;  leg 
thickness  index  20,  19-20;  leg  length  index 
75,  71-75. 


Abdomen  length  1.50  mm,  1.40-1.50  mm; 
abdomen  width  1.10  mm,  0.9.5-1.10  mm: 
abdomen  index  72,  67-72. 

Embolus  length  0.03  mm,  0.03  mm;  bulb 
length  0.44  mm,  0.44-0.51  mm;  male  genital 
index  7,  6-7. 

Description.  Fairly  small  spider.  Cara- 
pace shiny  reddish  brown-black,  with  a 
deep  groo\e  between  the  cephalic  and 
thoracic  regions,  reinforced  on  the  sides 
with  some  white  hairs,  and  very  sparse 
\\'hite  hairs  elsewhere.  Eyes  in  two  re- 
curved rows,  the  posterior  row  about  t\\  o- 
fifths  wider  than  the  anterior  row;  the 
posterior  eyes  moderately  small  and  equal, 
the  anterior  medians  larger  and  the  an- 
terior laterals  smaller  than  the  posterior 
eyes.  Cephalic  region  narrower  than  the 
thoracic  region  (cephalic  width  index  75- 
79)  and  squarely  truncated  anteriorly. 
Thoracic  groove  absent. 

Abdomen  a  wide  oval,  with  a  four-fifths 
full,  shiny,  dark  red-brown  dorsal  sclerite 
with  a  few  light  hairs.  Epigastric,  ventral 
(one-half)  and  small  inframammilliary 
sclerites  yellow-brown.  First  pair  of  ab- 
dominal setae  extremeb^  thin,  second  pair 
\"ery  thin. 

Sternum  shield-shaped  and  elongated, 
dark  red-brown,  with  some  long,  light  hairs. 

Chelicerae  yellow-brown,  with  two  mod- 
erately small  retromargin  teeth  and  two 
promargin  teeth,  the  distal  larger  and  the 
proximal  slightly  smaller  than  the  retro- 
margin  teeth;  a  strong  denticle  medial  and 
distal  to  the  larger  retromargin  tooth. 

Coxae  I  and  II  white,  coxae  III  and  IV 
brown-black.    Trochanter  IV  notch  absent. 

Femora  I  and  II  white,  I  with  brown- 
black  spot  at  prolateral  base,  II  with  pro- 
lateral  brown-black  stripe;  femora  III  and 
IV  dark  brown-black  (IV  with  a  white 
base).  Rest  of  legs  I  and  II — both  patellae- 
tibiae  and  metatarsus  II  light  yellow  with 
brown  sides,  metatarsus  I  dark  red-brown, 
tarsi  creamy  white;  rest  of  legs  III  and  IV 
brown-black,    with   white   patella    IV    and 
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white  tarsi.    Legs  lightl\-  hirsute.    Tibia  I 
ventral  spination:    3-3,  moderate. 

Pedipalp  with  no  tibial  apophysis.  Tarsus 
small,  with  a  globose  bulb  drawn  out  into 
a  short,  wide  neck  with  a  short,  pointed 
embolus  (Figs.  255-257).  Reservoir  tubes 
with  two  loops,  both  lateral  to  the  embolus 
tube. 

FEMALE 

Measurements.  Based  on  2  females: 
carapace  length  2.25-2.30  mm;  carapace 
width  1.0.5-LlO  mm;  carapace  index  47- 
49;  sternum  length  1.00  mm;  sternum  width 
0.60  mm;  sternum  index  6L 

Femur  IV  length  L60-L65  mm;  femur 
IV  width  0.30  mm;  leg  thickness  index  18; 
leg  length  index  72. 

Abdomen  length  2.05-2.20  mm;  abdomen 
width  1.60-1.70  mm;  abdomen  index  78; 
dorsal  sclerite  length  1.4.5-1.50  mm;  dorsal 
sclerlite  width  1.50-1.60  mm;  dorsal  sclerite 
index  104. 

Description.  Fairly  small  spider.  Cara- 
pace shiny  reddish  brown-black  with  a  deep 
groove  between  the  cephalic  and  thoracic 
regions,  reinforced  on  the  sides  with  some 
white  hairs,  and  very  sparse  white  hairs 
elsewhere  (Fig.  288).  Eyes  in  two  re- 
curved rows,  the  posterior  row  about  two- 
fifths  wider  than  the  anterior  row;  the 
posterior  eyes  moderately  small  and  equal, 
the  anterior  medians  larger  and  the  anterior 
laterals  smaller  than  the  posterior  eyes. 
Cephalic  region  narrower  than  the  thoracic 
region  (cephalic  width  index  74-76)  and 
squarely  truncated  anteriorly.  Thoracic 
groove  absent. 

Abdomen  a  wide  oval,  with  a  three- 
quarters  full,  shiny,  ver)-  dark  red-brown 
dorsal  sclerite  with  a  faint,  horizontal  red- 
brown  band.  Rest  of  dorsum  and  ventrum 
purplish  brown.  Epigastric  and  small  in- 
framamrnilliary  sclerite  dark  red-brown. 
First  pair  of  abdominal  setae  extremely 
thin,  second  pair  very  thin. 

Sternum  shield-shaped  and  elongated, 
dark  red-brown  with  some  light,  long  hairs. 


Chelicerae  red-brown,  with  two  moder- 
ately small  retromargin  teeth  and  two  pro- 
margin  teeth,  the  distal  larger  and  the 
proximal  slightly  smaller  than  the  retro- 
margin  teeth;  a  strong  denticle  medial  and 
distal  to  the  larger  retromargin  tooth. 
About  eight  heavy,  serrated  setae  at  pro- 
marginal  apex  of  each  chelicerae. 

Coxae  I  and  II  white,  coxae  III  and  IV 
brown-black.    Trochanter  IV  notch  absent. 

Femora  I  and  II  yellow-white,  I  with 
dark  bro\\n  retrolateral  dorsal  stripe,  II 
with  retro-  and  prolateral  stripes;  femora 
III  and  IV  dark  reddish  brown-black.  Rest 
of  legs  I  and  II — patellae-tibiae  and  meta- 
tarsi light  yellow  with  sides  brown,  tarsi 
yellow-white;  rest  of  legs  III  and  IV  dark 
reddish  brown-black  with  light  \\'hitish 
patella  IV  and  light  yellow  tarsi.  Legs 
lightly  hirsute.  Tibia  I  ventral  spination: 
.3-3,  moderately  long  and  strong. 

External  epigynum  with  two  anteriorly 
directed,  semi-circular  openings  ( Fig.  258 ) . 
Internal  structure  with  bursae  copulatrices 
running  to  globose  spermathecae  with  wide 
necks  (Fig.  2.59). 

Diagnosis.  Mijrmecotypus  orpheus  has  a 
strong  impression  between  thoracic  and 
cephalic  regions,  is  dark  brovvTi-black,  and 
has  distinctive  male  and  female  genitalia. 

Remarks.  (See  Remarks  under  M. 
ohjmpus.) 

Natural  history.  Nothing  is  known  of  the 
habits  of  this  spider,  but  its  general  appear- 
ance is  antlike,  probably  mimicking  some 
small  formicine  ant. 

Distribution.    Panama   (Map  14). 

Records.  CANAL  ZONE.  Barro  Colo- 
rado Island,  Forest  Reserve,  Summit. 

Myrmecotypus  retfenmeyeri  Unzicker 
Figures  262-265,  287.    Map  14. 

Myrmccotijpus  rettenmeyeri  Unzicker,  1965,  J. 
Kansas  Entomol.  Soc.  38 (.3 ): 253-2.56,  figs.  1, 
2  6  ,  from  Barro  Colorado  Island,  Panama  Canal 
Zone;  in  dae  Kansas  State  University'  Museum, 
examined.  Reiskind,  1966,  Psyche  72(4)"1965": 
279-281,  fig.   1. 
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Mynuccotyptis  discrefa  Unzicker,  1965,  J.  Kansas 
Entomoi.  Soc.  38(3)  :256-257,  figs.  3,  4,  9, 
from  Barro  Colorado  Island,  Panama  Canal 
Zone;  in  the  Kansas  State  University  Museum, 
examined. 

MALE 

Measurements.  Ba.sed  on  one  male: 
carapace  length  5.15  mm;  carapace  width 
2.05  mm;  carapace  index  39;  sternum  length 
2.40  mm;  sternum  \\idth  0.95  mm;  sternum 
index  39. 

Femur  IV  length  4.50  mm;  femur  IV 
width  0.65  mm;  leg  thickness  index  14; 
leg  length  index  88. 

Abdomen  length  3.65  mm;  abdomen 
width  2.40  mm;  abdomen  index  66. 

Description.  A  large  spider.  Carapace 
long  and  narrow,  deep  maroon-brown,  with 
a  weak  horizontal  impression  between  the 
cephalic  and  thoracic  regions,  and  covered 
with  low  hairs,  with  \\  hite  hair  on  posterior 
side  of  the  impression  and  a  band  of  black 
hairs  just  behind  the  white,  off  to  the  sides; 
a  longitudinal  band  of  erect  black  hairs 
down  back  of  thoracic  region  (Fig.  287). 
Eyes  small  and  equal,  except  anterior 
median  eyes  about  two  times  the  diameter 
of  anterior  lateral  eyes.  Both  rows  of  eyes 
recurved,  posterior  row  about  one-third 
wider  than  anterior  row.  Thoracic  groove 
absent.  Cephalic  region  narrower  than 
thoracic  region  ( cephalic  width  index  76  ) . 

Abdomen  oval  (wider  posteriorly),  with 
a  seven-eights  full,  maroon-brown  dorsal 
sclerite,  with  long  silvery  hair  and  two  thin 
horizontal  black  bands.  Epigastric,  ventral 
(almost  full),  and  inframammilliary  scle- 
rites  orange-brown.  First  pair  of  abdominal 
setae  moderately  thin  and  long,  second 
moderately  thick  and  long. 

Sternum  very  elongated,  brown-black, 
with  \('ry  long  thin  hairs. 

Chelicerae  dark  red-brown,  with  two 
moderately  small  retromargin  teeth  and 
three  promargin  teeth — the  median  larger, 
the  proximal  the  same  size,  and  the  distal 
(medial  and  distal  to  the  median  promargin 


tooth)  much  smaller  than  the  retromargin 
teeth. 

Coxae  I  and  II  brilliant  white.  III  and  IV 
maroon-brown.  Trochanter  IV  notch  ex- 
tremely small. 

Femur  I  with  dark  brown  basal  half, 
apical  half  white  with  a  wdde  dorsal  and  a 
pair  of  ventral  brown  stripes  extending 
from  basal  section;  femora  II,  III,  and  IV 
maroon-brown.  Rest  of  legs  I  and  II — 
patellae-tibiae  yellow,  with  a  pair  of  dorsal- 
lateral  red-brown  stripes  ( and  patella-tibia 
I  completely  red-brown  distally),  metatarsi 
red-brown  proximally  and  yellow-brown 
distally,  yellow-brown  tarsi  (leg  II  some- 
what darker);  rest  of  legs  III  and  IV  brown- 
black,  with  proximal  half  of  patella  yel- 
low-white and  tarsi  orange-browTi.  Legs 
moderately  hirsute.  Heavy  hairs  on  tibiae 
III  and  IV,  as  in  female.  Tibia  I  ventral 
spination:    3-3,  moderately  long  and  thin. 

Pedipalp  with  no  tibial  apophysis.  Tarsus 
with  a  globose  genital  bulb  drawn  out  into 
a  thick  neck  with  a  small  pointed  embolus 
at  the  end  of  a  large  spiral  twist  (Figs.  262, 
263). 

FEMALE 

Measurements.  Based  on  3  females: 
carapace  length  5.25-5.75  mm;  carapace 
width  2.05-2.20  mm;  carapace  index  38- 
39;  sternum  length  2.55-2.65  mm;  sternum 
width  1.05  mm;  sternum  index  39-41. 

Femur  IV  length  4.50-5.25  mm;  femur 
I\'  width  0.60-0.70  mm;  leg  thickness  index 
i;3-14;  leg  length  index  86-91. 

Abdomen  length  3.0.5-4.05  mm;  abdomen 
width  2.15-3.55  mm;  abdomen  index  69-87; 
dorsal  sclerite  length  1.15—1.40  mm;  dorsal 
sclerite  width  1.05-1.15  mm;  dorsal  sclerite 
index  79-92, 

Description.  \  large  spider.  Carapace 
long  and  narrow,  dark  orange-brown 
(darker  in  thoracic  section),  with  a  weak 
horizontal  impression  between  the  cephalic 
and  thoracic  regions,  and  covered  with  low 
hairs — white  hair  on  posterior  side  of  the 
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impression,  a  band  of  black  hairs  just  be- 
hind the  white,  off  to  the  sides,  and  a 
longitudinal  band  of  erect  black  hairs  down 
back  of  thoracic  region.  Eyes  small  and 
equal,  except  anterior  median  eyes  about 
twice  the  diameter  of  anterior  lateral  eyes. 
Both  rows  of  eyes  recurved,  the  posterior 
ro\\'  about  one-third  wider  than  anterior 
row.  Tlioracic  groove  absent.  Cephalic 
region  narrower  than  thoracic  region  (ce- 
phalic width  index  81-87). 

Abdomen  a  short  oval,  pointed  poste- 
riorly, with  a  moderately  small,  red-brown 
dorsal  sclerite,  and  covered  with  long, 
silver  hairs  with  three  dark,  thin,  horizontal 
bands,  the  anterior  one  incomplete.  Epi- 
gastric and  small  inframammilliary  sclerites 
yellow-brown.  Ventrum  greyish  brown, 
with  a  pair  of  light  stripes  from  each  side 
of  epigastric  furrow  to  region  of  posterior 
sclerite.  First  pair  of  abdominal  setae  thin, 
second  pair  moderate  and  long. 

Sternum  very  elongated,  brown-black, 
with  very  long,  thin  hairs. 

Chelicerae  red-brown,  with  two  moder- 
ately small  retromargin  teeth  and  three 
promargin  teeth — the  median  larger,  the 
proximal  the  same  size,  and  the  distal 
( medial  and  distal  to  the  median  promargin 
tooth)  much  smaller  than  the  retromargin 
teeth. 

Coxae  I  and  II  brilliant  white;  III  and  IV 
brown-black.  Only  a  trace  of  a  trochanter 
IV  notch. 

Femur  I  with  a  brown-black  basal  half, 
apical  half  white  with  a  wide  dorsal  and  a 
pair  of  ventral  brown-black  stripes  extend- 
ing from  basal  section;  femora  II,  III,  and 
IV  brown-black.  Rest  of  legs  I  and  II — 
patellae-tibiae  yellow,  with  a  pair  of  dorsal- 
lateral  red-brown  stripes  (and  patella-tibia 
I  completely  red-brown  distally),  metatarsi 
red-browai  proximally  and  yellow-brown 
distally,  yellow-brown  tarsi  (leg  II  some- 
what darker);  rest  of  legs  III  and  IV  brown- 
black,  with  proximal  half  of  patella  yel- 
low-white and  tarsi  orange-brown.  Legs 
moderately    hirsute.     Tibiae    III    and    IV 


heavily  hirsute,  with  heavy  hairs,  especially 
on  dorsal  sides.  These  hairs  increase  the 
apparent  width  of  the  distal  end  of  tibia 
IV  from  0.46  mm  to  0.73  mm.  Tibia  I 
ventral  spination:    3-3,  very  long  and  thin. 

External  epigynum  with  a  horizontal, 
sclerotized  lip  and  two  lateral  openings 
( Fig.  265 ) .  Internal  structure  with  large, 
moderately  globose  spermathecae  having 
wide  necks  and  direct,  moderate  bursae 
copulatrices   (Fig.  264). 

Diagnosis.  Myrmecotypus  rettenmeyeri 
differs  from  all  other  Myrmecotypus  in  its 
large  size  and  in  the  longitudinal  row  of 
dense  hairs  on  the  posterior  of  the  thoracic 


region. 


Remarks.  The  large  size,  thin  legs,  and 
strange  hair  growth  on  the  carapace  are 
the  result  of  strong  selection  for  a  mimetic 
resemblance  to  Cam))onotus  sericeiventris 
(Guerin).  The  female  genitalia  are  similar 
to  those  of  M.  niger,  but  the  male  genitalia 
are  very  distinct,  with  the  looping  of  the 
palpal  duct  more  like  that  of  the  oJympus 
group. 

Natural  history.  This  species  mimics 
Camponotus  sericeiventris  and  is  found  in 
the  same  habitat  as  that  ant  on  Barro  Colo- 
rado Island  ( Reiskind,  1966 ) . 

Distribution.  Panama  (Map  14). 

Records.  CANAL  ZONE.  Barro  Colo- 
rado Island,  Forest  Reserve. 

The  pilosus  Group 

Myrmecotypus    pilosus    (O.    P.-Cambridge) 
Figures  245-248.    Map  14. 

Corinnomma  pilosa  O.  P.-Cambridge,  1898,  Biol. 
Centrali-Americana  Arachnida  1:277-278,  pi. 
33,  figs.  3,  4,  $ ,  9 .  Female  holotype  from 
Teapa,  Tal:)asco,  Mexico;  in  the  British  Museum 
(Natural    History),    examined. 

Myrmccotijpits  pilosus:  F.  P.-Cambridge,  1894, 
Biol.   Centrali-Americana  Arachnida  2:84. 

Myrmecotypus  obscurus  Chickering,  1937,  Trans. 
Anier.  Microscop.  Soc.  56(l):37-38,  figs.  18, 
43,  80,  S ,  9 .  Male  holotype  from  Barro 
Colorado  Island,  Panama  Canal  Zone;  in  the 
Museum  of  Comparative  Zoology,  examined. 
NEW    SYNONYMY. 
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MALE 

Measurements.  Based  on  10  males:  cara- 
pace length  2.30-2.60  mm;  carapace  width 
1.20-1.30  mm;  carapace  index  51-53;  ster- 
num length  1.05-1.15  mm;  sternum  width 
0.60-0.70  mm;  sternum  index  58-69. 

Femur  IV  length  1.65-1.75  mm;  femur 
IV  width  0.30-0.40  mm;  leg  thickness  index 
20-23;  leg  length  index  65-72. 

Abdomen  length  2.05-2.40  mm;  abdomen 
\\  idth  1.35-1.55  mm,  abdomen  index  64-68. 

Embolus  length  0.12-0.15  mm;  bulb 
length  0.65-0.73  mm;  male  genital  index 
17-20. 

Descripiion.  Carapace  orange-brown, 
with  a  shallow  impression  between  the 
cephalic  and  thoracic  regions,  and  covered 
witli  moderately  light  white  hairs,  with 
some  black  hairs  in  the  impression.  Eyes 
small  and  equal,  except  the  anterior  median 
eyes  twice  the  diameter  of  the  anterior 
laterals,  both  rows  recurved  when  viewed 
dorsalK',  the  posterior  row  one-third  wider 
than  the  anterior  row.  Carapace  some- 
wliat  narrowed  in  head  region  (cephalic 
width  index  65-72 )  and  squarely  truncated 
anteriorly.    Thoracic  groove  absent. 

Abdomen  wide  oval,  with  a  full,  red- 
brown  dorsal  sclerite  covered  with  short 
white  hairs  and  long  erect  hairs  and  with 
two  horizontal  bands  of  golden-brown  hairs. 
Yellow-brown  epigastric,  ventral  (almost 
full),  and  inframammilliary  (small)  scle- 
rites.  Abdominal  setae  extremely  long — 
first  pair  thin,  second  pair  moderate. 

Sternum  reddish  brown,  elongate,  with 
long,  light  hairs. 

Chelicerae  yellow-brown,  with  two  mod- 
erate retromargin  teeth  and  three  pro- 
margin  teeth,  the  median  one  larger,  the 
proximal  one  smaller,  and  the  distal  one 
much  smaller  than  the  retromargin  teeth. 

Coxa  I  light  brown,  II  creamy  white.  III 
and  IV  yellow-brown.  Trochanter  IV  notch 
absent. 

Femur  I  yellow-white,  with  light  brown 
stripes  (dorsal  and  ventral)  and  base;  femur 


II  yellow-white,  light  brown  on  sides; 
femora  III  and  IV  light  red-brown.  Rest 
of  I  and  II  yellow-white — patellae-tibiae 
and  metatarsi  with  red-brown  sides  (meta- 
tarsus I  all  red-brown);  rest  of  III  and  IV 
light  reddish  brown  (lightening  distally  to 
light  orange-brown  tarsi ) .  Legs  moderately 
lightly  hirsute.  Tibia  I  ventral  spination: 
3-3,  moderatelv  short  and  thin. 

Pedipalp  with  no  tibial  apophysis.  Tarsus 
with  a  globose  genital  bulb  drawn  out  into 
a  neck  with  a  strong,  spiral,  simple  embolus 
(Fig.  248).  Bulb  with  an  embolus  palpal 
duct  and  a  single  loop  in  the  basal  globe 
(Fig.  247). 

FEMALE 

Measurements.  Based  on  holotype  and  8 
females,  holotype  listed  first,  range  of  all 
follows:  carapace  length  2.95  mm,  2.50- 
2.95  mm;  carapace  width  1.50  mm,  1.30- 
1.50  mm;  carapace  index  50,  50-53;  sternum 
length  1.30  mm,  1.10-1.30  mm;  sternum 
\\'idth  0.75  mm,  0.65-0.75  mm;  sternum 
index  56,  56-63. 

Femur  IV  length  1.95  mm,  1.75-1.95  mm; 
femur  IV  width  0.40  mm,  0.35-0.40  mm; 
leg  thickness  index  22,  19-22;  leg  length 
index  65,  65-72. 

Abdomen  length  2.95  mm,  2.25-2.95  mm; 
abdomen  width  2.20  mm,  1.7.5-2.40  mm; 
abdomen  index  76,  72-90.  Based  on  8 
females  only,  type  measurements  not  in- 
cluded: dorsal  sclerite  length  1.45-1.90 
mm;  dorsal  sclerite  width  1.75-2.05  mm; 
dorsal  sclerite  index  97-127. 

Description.  Carapace  dark  red-brown, 
with  a  shallow  impression  between  the 
cephalic  and  thoracic  regions,  covered  with 
moderately  light,  white  hairs.  Eyes  small 
and  equal,  except  the  anterior  median  eyes 
twice  the  diameter  of  anterior  laterals,  both 
rows  recurved  when  viewed  dorsally,  the 
posterior  row  about  one-fourth  wider  than 
the  anterior  row.  Carapace  somewhat  nar- 
rowed in  head  region  ( cephalic  \\'idth  index 
67-74)  and  squarely  truncated  anteriorly. 
Thoracic  groove  absent. 
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Abdomen  a  large  oval,  with  a  large,  dark 
red-brown  dorsal  sclerite  ( about  three-fifths 
length  of  abdomen ) ,  thick,  low,  white  hairs 
and  long,  thin,  erect  hairs  ( more  numerous 
on  posterior  half).  A  horizontal  golden 
brown  hair  band  on  sclerite  (broken  in 
middle).  Deep  red-brown  epigastric  and 
small  inframammilliary  sclerites.  Ventrum 
dull  brown.  Abdominal  setae  extremely 
long — first  pair  thin,  second  pair  moderate. 

Stemum  dark  red-brown,  elongate,  \\'ith 
long,  light  hairs. 

Chelicerae  red-brown,  with  two  moder- 
ate retromargin  teeth  and  three  promargin 
teeth,  the  median  one  larger,  the  proximal 
one  smaller,  and  the  distal  one  much 
smaller  than  the  retromargin  teeth. 

Coxa  I  light  yellow-brown,  II  yellow- 
white,  III  dark  yellow-brown,  IV  dark  red- 
brown.    Trochanter  IV  notch  absent. 

Femur  I  light  yellow,  with  dark  red- 
brown  dorsal  stripe  and  prolateral  base; 
femur  II  light  yellow-brown,  with  light 
red-brown  sides;  femora  III  and  IV  red- 
brown.  Rest  of  legs  I  and  II  yellow, 
patellae-tibiae  and  metatarsi  with  red- 
brown  sides,  orange  tarsi;  rest  of  legs  III 
and  IV  reddish  brown,  lighter  tarsi.  Legs 
moderately  lightly  hirsute.  Tibia  I  ventral 
spination:    3-3,  long  and  moderately  thin. 

External  epigynum  a  wide  slit  ( Fig.  245 ) . 
Internal  structure  with  two  small,  globose 
spermathecae  with  very  short,  small  pos- 
terior necks   (Fig.  246). 

Diagnosis.  Myrmecofy^nis  pilosus  differs 
from  other  Myrmecotypu.s  species  in  its 
narrower  cephalic  region  (cephalic  width 
index  64-74 )  and  distinctive  genitalia. 

Remarks.  The  male  genitalia  is  very  dif- 
ferent from  the  genitalia  of  any  other  New 
World  species  of  Castianeirinae  and  sug- 
gests a  possible  relationship  with  some  Old 
World  groups,  e.g.,  Corinnomma,  because 
of  the  single  lateral  loop  in  the  globe  of 
the  genital  bulb. 

Natural  hi.story.  O.  P.-Cambridge  (1898) 
quotes  observations  of  the  collector  of  the 
type  specimen:    "Female  in  a  leaf,  in  thick 


woods  near  a  stream;  it  was  sitting  on  the 
point  of  the  leaf  with  the  front  legs  ex- 
tended. A  black  ant  resembling  this  spider 
is  common  in  the  same  woods.  According 
to  my  observations,  these  ant-like  spiders 
eat  only  the  species  of  ant  which  they 
resemble.  A  specimen  of  this  spider  was 
found  in  a  shady  glen."  No  other  ant- 
mimicking  clubionid  has  been  observed 
eating  ants,  and  this  report  should  be  con- 
firmed. 

Distribution.   Mexico,  Panama  ( Map  14). 

Records.    MEXICO.    Tabasco,  Veracruz. 

PANAMA.  ElValle. 

CANAL  ZONE.  Barro  Colorado  Island, 
Experimental  Gardens,  Madden  Dam. 

Sphecofypus  O.  P.-Cambridge 

Sphccotypus  O.  P.-Cambridge,  1895,  Biol.  Cen- 
trali- Americana  Arachnida  1:152-153,  pi.  19, 
fig.  4,  2 .  Type  species  by  monotypy:  Splieco- 
ttjpus  niger  (Perty). 

Sphecofypus  niger  (Perty) 
Figure  290. 

Myrmecia  nigra  Perty,  1833,  Delectus  Animalium 
(ed.  J.  B.  de  Spix  and  F.  P.  Martins).  Monachii, 
1833:199,  PI.  39,  Fig.  9,  9,  from  Sebatianopolin 
(Rio  de  Janeiro),  Brazil.  C.  L.  Koch,  1842,  Die 
Arachniden  9:15-17,    $,  Fig.  701. 

Myrmecia  niger:  Keyserling,  1891,  Spinn.  Amer.  3 
"(Bras.   Spinn.): 80,  pi.  2,  fig.  40,    9. 

Sphecoiypus  formicariiis  O.  P.-Cambridge,  1895, 
Biol.  Centrali-Americana  Arachnida  1:1.53,  pi. 
19,  fig.  4,  9 ,  from  Bugaba  in  Chiriqui,  Panama; 
in  the  British  Museum  (Natural  History). 

Spliecoiypus  niger:  Simon,  1897,  Histoire  Na- 
turelle  des  Araignees  2(1):176,  figs.  168,  169, 
171,  9.  F.  P.-Cambridge,  1899,  Biol.  Centrali- 
Americana  Arachnida  2:84. 

Diagnosis.  Sphecofypus  differs  from  all 
other  Castianeirinae  in  its  elongated  cara- 
pace, constricted  between  the  cephalic  and 
thoracic  regions  with  no  further  constric- 
tions in  the  thoracic  region  (as  in  Myrme- 
cium)    (Fig.  290). 

Remarks.  This  South  American  genus  is 
monotypic,  with  its  one  species  occurring 
in  Panama.  Proper  classification  of  this 
species  should  await  a  study  of  the  South 
American  fauna,  and  therefore  is  only 
briefly  noted  here. 
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Plate   I 

Figs.    7-10.      Castianeira    /ong/po/pus    (Hentz).      7,     Internal    epigynum,   dorsal  view.     8,    External   epigynum.     9,   Left   palpus. 
10,   Embolus. 

Figs.     11-14.      Costiane/ra    luctilera    Petrunkevitch.      11,     Internal    epigynum,    dorsal    view.     12,    External    epigynum.     13,    Left 
palpus.      14,    Embolus. 

Figs.     15-18.     Casf/oneiro    olofo    Mumo.      15,     Infernal     epigynum,    dorsal    view.      16,    External    epigynum.      17,    Left    palpus. 
18,   Embolus. 

(Scale  line  for  epigyna  and  palpi   z=  0.59  mm;  for  emboli   =   0.15  mm.) 


Castiaxeirixae  of  North  axd  Central  America  •  Rciskind        287 


288        Bulletin  Museum  of  Comparative  Zoology,  Vol  138,  No.  5 


Plate    II 

Figs.    19-23,      Castianeira    variola    Gertsch.      19,     Internal    epigynum,    dorsal   view    (Louisiana).     20,    External    epigynum    (Lou- 
isiana).    21,    Internal    epigynum,    dorsal    view    (Arkansas).     22,    Left  palpus.     23,   Embolus. 

Figs.     24-27.      Costioneiro    plorans     (O.     P. -Cambridge).      24,     External   epigynum.     25,    Internal   epigynum,    dorsal   view.     26, 
Left  palpus.    27,  Embolus. 

Figs.    28-31.      Casfioneira    thalia    n.    sp.      28,     Internal    epigynum,    dorsal    view.     29,    External    epigynum.     30,    Left    palpus. 
31 ,    Embolus. 

(Scale  line  for  epigyna  and  palpi   rz  0.59  mm;  for  emboli   ^  0.15  mm.) 
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Plate   111 

Figs.    32,    33.  Cosfione/ro   mex/cono    (Banks).      32,    Internal    eplgynum,    dorsal    view.     33,    External    eplgynum. 

Figs.   34,   35.  Castianeira  lachrymosa   (O.    P. -Cambridge).     34,     Epigynum,     ventral     view    cleared.      35,     External     eplgynum. 

Figs.   36,   37.  Castianeira  venusta   (Banks).     36,    Epigynum,  ventral  view  cleared.    37,  External  epigynum. 

Figs.    38,    39.  Castianeira   flebilis   O.    P. -Cambridge.     38,    Internal     epigynum,     dorsal     view.      39,     External     epigynum. 

Figs.    40—43.      Castianeira    floridana    (Banks).      40,     Internal     epigynum,     dorsal     view.      41,     External     epigynum.       42,     Left 
palpus.     43,    Embolus. 

Figs.    44,    45.     Castianeira    crocata    (Hentz).     44,     External    epigynum.     45,    Internal    epigynum,    dorsal    view. 

Figs.   46-49.     Castianeira   vulnerea   Gertsch.     46,    External    epigynum.    47,    Internal   epigynum,  dorsal  view.    48,   Left  palpus. 
49,   Embolus. 

(Scale    line    for   epigyna    and    palpi    :::   0.59    mm;    for   emboli    =   0.15   mm.) 


Castianeirixae  of  Xorth  and  Central  America  •  Reiskind        291 


33    ....... 


35 


37 


39 


J-      49 


292        Bulletin  Museum  of  Comparative  Zoology,  Vol.  138,  hJo.  5 


Plate   IV 

Figs.    50-53.     Castianeira   longipalpus    (Hentz).     50,    Male    abdomen.      51,     Female    abdomen.      52,    Eye    region    of    female. 
53,   Female  carapace. 

Figs.   54,   55.      Castianeira   luctifera  Petrunkevitcfi.     54,    Female   abdomen.     55,    Male    abdomen. 

Fig.    56.      Castianeira   crocata    (Hentz).     Female    abdomen. 

Fig.    57.      Castione/Vo   venusta    (Banks).      Female    abdomen. 

Figs.   58,   59.     Cos/ioneiVo   lloridana   (Banks).     58,    Female   abdomen.     59,    Male    abdomen. 

Figs.    60,    61.      Castianeira    vorioto    Gertsch.     60,    Male    abdomen.     61,    Female    abdomen. 

(Scale   line  for  abdomens  and  carapaces   ^   2.72   mm;    for  eye   region    ^    0.94   mm.) 
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Plate  V 

Figs.    62-65.      Castianeira    crucigera    (Hentz).      62,     Internal    epigynum,  dorsal  view.    63,  External  epigynum.    64,  Left  palpus. 
65,    Embolus. 

Figs.   66-69.     Cosf/ane/ra    alteranda    Gertsch.     66,    External    epigynum.     67,    Internal   epigynum,  dorsal  view.     68,   Left  palpus. 
69,   Embolus. 

Figs.  70-73.     Cast/'oneiro  amoena  (C.  L.  Koch).    70,  Internal  epigynum,  dorsal  view.    71,  External  epigynum.    72,  Left  palpus. 
73,    Embolus. 

(Scale  line  for  epigyna  and  palpi   r=  0.59  mm;  for  emboli   zz  0.15    mm.) 
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Plate  VI 

Fig.    74.  Castianeira    llebilis    O.    P. -Cambridge.      Female    abdomen. 

Figs.    75,  76.     Cosdaneiro    thalia    n.    sp.     75,    Female    abdomen.     76,   Male   abdomen. 

Fig.    77.  Castianeira   lachrymosa    (O.    P. -Cambridge).     Female    abdomen. 

Fig.    78.  Casfione/ro   variata   Gertsch.     Male    abdomen. 

Fig.    79.  Cosfioneiro    p/orons    (O.    P. -Cambridge).      Left    chelicera,    ventral    view. 

Fig.    80.  CastioneiVa    alata   Muma.     Male    abdomen. 

Fig.    81.  Castianeira  vulnerea  Gertsch.     Female  abdomen. 

Fig.    82.  Castianeira   mexicana    (Banks).      Female    abdomen. 

Fig.    83.  Castianeira    alteranda    Gertsch.      Female    abdomen. 

Figs.  84,  85.     Castianeira  amoena  (C.   L.    Koch).     84,   Female  abdomen.     85,   Male  abdomen. 

Figs.    86,  87.      Cos/ianeiro    crucigera    (Hentz).      86,    Male    abdomen,      87,    Female    abdomen. 

(Scale    line    for   abdomens    =    2.72    mm;    for    chelicera    =    0.94    mm.) 
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Plate  VII 

Figs.    88-91.     Castianeira    descripta    (Hentz).     88,    Internal    epigynum,  dorsal  view.     89,   External  epigynum.     90,   Left  palpus. 
91,   Embolus. 

Figs.     92-95.     Castione/ra    wa/singfiomi     (O.     P. -Cambridge).      92,    Internal    epigynum,    dorsal    view.     93,    External    epigynum. 
94,   Left  palpus.    95,   Embolus. 

Figs.    96-99.     Castianeira   occ/dens    n.    sp.     96,    Internal    epigynum,    dorsal   view.     97,    External    epigynum.     98,    Left   palpus. 
99,   Embolus. 

(Scale  line  for  epigyna  and   palpi   :=  0.59  mm;   for  emboli   =:  0.15    mm.) 
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Plate  VIII 

Figs.    100-103.  Cosf/oneiro   cingulata    (C.    L.    Koch).     100,    Internal   epigynum,   dorsal   view.     101,   External   epigynum.     102, 

Left    palpus.  103,    Embolus. 

Figs.    104-107.  Cost/'one/ro    gerfschi    Kasfon.     104,    Internal    epigynum,    dorsal    view.      105,     External     epigynum.      106,     Left 

palpus.     107,  Embolus. 

Figs.   108-110.  Cost/ane/Vo  trilineala  (Hentz).     108,    infernal   epigynum,    dorsal    view.      109,     External    epigynum.      110,     Left 
palpus. 

Figs.    Ill,     112.  Myrmecotypus    lineatus    (Emerton).      Ill,     Internal    epigynum,    dorsal    view.     112,    External    epigynum. 

(Scale    line    for  epigyna    and    palpi    ziz   0.59    mm;    for    emboli    ^   0.15   mm.) 
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Plate   IX 

Figs.     113-115.      Castianeira    occ/dens    n.    sp.      113,    Male    abdomen.     114,  Carapace  of  female.     115,   Female  abdomen. 

Figs.    116-118.      Cosfiane/ro  cingulata    (C.    L.    Koch).     116,    Male    carapace.      117,    Male    abdomen.      118,     Female    abdomen. 

Fig.    119.     Cos//ane/ra    trilineata    (Hentz).      Male    abdomen     (Tennessee). 

Fig.     120.      Castianeira    gertschi    Kasfon.      Male    abdomen. 

Fig.    121.      Castianeira    descnpta    (Hentz).      Female    abdomen. 

Fig.    122.      Castianeira    walsinghami    (O.     P. -Cambridge).      Female  abdomen. 

(Scale    line    for   abdomens    and    carapace    zz    2.72    mm.) 
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Plate  X 

Figs.    123-126.  Castianeira   alfa    n.    sp.     123,    Internal    epigynum,   dorsal   view.     124,   External   epigynum.     125,   Left  palpus. 
126,   Embolus. 

Figs.    127,    128.  Castianeira    dugesii    (Becker).     127,    Left    palpus.     128,    Embolus. 

Figs.    129-132.  Castianeira    nanella    Gertsch.      129,     Internal    epigynum,    dorsal    view.      130,    External    epigynum.      131,    Left 

palpus.     132,  Embolus. 

Figs.    133-136.  Castianeira    dorsofo    (Bonks).      133,    Internal    epigynum,    dorsal    view.      134,    Embolus.      135,     Left    palpus. 

136,   External  epigynum. 

(Scale    line    for  epigyna    and    palpi    in    0.59    mm;    for   emboli    :=   0.15    mm.) 


Castianeirinae  of  North  and  Central  A>rERiCA  •  Rciskind        305 


130 


136 


306         Bulletin  Museum  of  Compaiaficc  Zoology,  Vol.  138,  No.  5 


Plate  XI 

Figs.    137-141.      Castianeira    ozfeco    n.    sp.     137,    Infernal    epigynum,  dorsal  view.     138,  External  epigynum.     139,  Left  palpus. 
140,     Embolus.      141,    Tip    of    embolus. 

Fig.    142.      Castianeira    luctuosa    O.    P. -Cambridge.     Epigynum,    ventral    view   cleared. 

Figs.    143,    144.      Cosfioneira    alba    n.    sp.      143,    Left    palpus.     144,  Embolus. 

Figs.    145-147.      Castianeira    stylifera    Kraus.      145,    Internal    epigynum,     dorsal    view.      146,     External     epigynum.      147,     Left 
palpus. 

(Scale  line  for  epigyna  and  palpi   =:  0.59  mm;  for  emboli   ^=  0.15  mm.) 
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Plate  XII 

Fig.    148.      Caitianeira    dorsoto    (Banks).      Female    abdomen. 

Figs.    149,    150.     Caitianeira    nanella    Gertsch.      149,    Male    abdomen.      150,    Female    abdomen. 

Fig.     151.      Castianeira    alia    n.    sp.      Female    abdomen. 

Fig.    152.      Casfioneiro  luctuosa  O.    P. -Cambridge.     Female  abdomen. 

Figs.    153-155.     Myrmecotypui    lineatus    (Emerton).      153,    Eye    region    of    female.      154,    Female    carapace.      155,    Female    ab- 
domen. 

Fig.    156.      Casfione/ro   azteca    n.    sp.     Female    abdomen. 

Figs.    157,    158.      Casf/oneiro    alba    n.    sp.      157,    Male    abdomen.     158,    Female    abdomen. 

Fig.    159.      Cos(/one/ro    stylifera    Kraus.      Female    abdomen. 

(Scale   line  for  abdomens   and  carapaces   =:   2.72   mm;    for  eye   region   ^^  0.94  mm.) 
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Plate  XIII 

Figs.    160,    161.      Castianeira   alba    n.    sp.     160,    Internal    epigynum,   dorsal    view.     161,    External   epigynum. 

Figs.     162-165.      Castianeira    nca    n.    sp.      162,    External    epigynum.     163,    Internal   epigynum,  dorsal   view.     164,   Left  palpus. 
165,    Embolus. 

Figs.    166,    167.     Costioneiro   similis    (Banks).      166,    Internal    epigynum,    dorsal    view.      167,    External    epigynum. 

Figs.    168-171.      Cosf/aneiro    dubia    (O.     P. -Cambridge).      168,     Internal     epigynum,     dorsal     view.      169,     External     epigynum. 
170,    Left    palpus.      171,    Embolus. 

Figs.    172-175.      Casfioneiro    alhena    n.    sp.      172,     Internal    epigynum,     dorsal     view.      173,     External     epigynum.       174,     Left 
palpus.      175,    Embolus. 

Figs.   176,    177.      Castianeira  zembia  n.    sp.     176,    Left  palpus.     177,    Embolus. 

(Scale    line    for    epigyna    and    palpi    ^    0.59    mm;    for    emboli    ::;    0.15    mm.) 
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Plate  XIV 

Figs.    178-181.      Castianeira  memnonia   (C.    L.    Koch).     178,    Female    abdomen.      179,    Eye    region    of    male.      180,    Male    cara- 
pace.    181,     Male    abdomen. 

Figs.    182,    183.     Cos//one/ra    dufa/'o    (O.    P. -Cambridge).      182,    Female  abdomen.     183,   Mole   abdomen. 

Figs.    184-186.     Castianeira    iimilis    (Banks).      184,    Female    abdomen,     lateral    view.      185,     Female     abdomen,     dorsal    view. 
186,    Female    carapace. 

Fig.    187.      Casfione/ra    zemblo    n.    sp.     Male    abdomen. 

Figs.    188,    189.      Costiane/ro  r/'co   n.    sp.     188,    Male   abdomen.     189,    Female   abdomen. 

(Scale  line  for  abdomens  and  carapaces  =  2.72   mm;   for   eye   region    =:    0.94   mm.) 


Castianeirixae  of  North  and  Central  America  •  Reiskind        313 


Oo  0(^1 


179 


ZL-^ 


J 


87 


188 


314        Bulletin  Museum  of  Comparative  Zoology,  Vol.  138,  No.  5 


Plate  XV 

Figs.    190-193.      Castianeira  cincia  (Banks).     190,    Internal   epigynum,  dorsal  view.     191,   External  epigynum.     192,  Left  palpus. 
193,   Embolus. 

Figs.    194-196.      Costione/ro  memnon/o    (C.    L.    Koch).     194,    Internal    epigynum,    dorsal    view.     195,    External    epigynum.     196, 
Left  palpus. 

Figs.    197-200.     Cosfione/ra   denlata   Chickering.     197,    Internal   epigynum,  dorsal  view.     198,   External   epigynum.     199,    Left 
palpus.      200,     Embolus. 

Figs.    201-204.     Castianeira    trimac    n.    sp.     201,    Left    palpus.     202,    Embolus.     203,    Internal    epigynum,    dorsal    view.     204, 
External   epigynum. 

Figs.    205,    206.     Cosfianeiro    fruncafo   Kraus.     205,    Left    palpus.     206,    Embolus. 

Fig.    207.      Castianeira  peregrina    (Gertsch).     External    epigynum. 

Figs.    208-211.     Cosfianeiro   rothi    n.    sp.     208,    Internal    epigynum,  dorsal  view.    209,   External  epigynum.    210,   Left  palpus. 
21 1 ,   Embolus. 

(Scale    line    for    epigyna    and    palpi    =    0.59   mm;    for   emboli    =   0.15   mm.) 
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Plate  XVI 

Figs.    212-215.      Castianeira   guapo    n.    sp.     212,    Internal    epigynum,  dorsal  view.     213,   External   epigynum.     214,   Left  palpus. 
215,    Embolus. 

Figs.    216-219.      Cosfione/ra    cubono    (Banks).      216,    External    epigynum.     217,    Internal    epigynum,    dorsal    view.      218,    Left 
palpus.     219,    Embolus. 

Figs.   220,   221.      Castianeira  abuelita   n.   sp.     220,    Internal   epigynum,    dorsal    view.      221,    External    epigynum. 

Figs.    222-225.      Mazax  chickeringi    n.    sp.     222,    Internal    epigynum,  dorsal  view.     223,   External   epigynum.     224,  Left  palpus. 
225,    Embolus. 

Figs.  226-229.     Mazax  xerxes  n.  sp.     226,   Internal   epigynum,  dorsal  view.     227,  External  epigynum.     228,  Left  palpus.     229, 
Embolus. 

Figs.    230-232.     A4azax    spinosa    (Simon).     230,    Left    genital    bulb.      231,     Internal     epigynum,     dorsal     view.      232,     External 
epigynum. 

(Scale  line  for  epigyna  and  palpi   =  0.59  mm;  for  emboli   ^  0.15    mm.) 


Castianeirinae  of  North  and  Central  America  •  Reiskiiid        317 


212 


213  216 


■:  m       \  :)       V9  .. 


217 


220 


221     227 


^.    r-  m 


226 


222 


223   232 


231 


318        Bulletin  Museum  of  Comparative  Zoology,  Vol.  138,  No.  5 


Plate  XVII 

Figs.    233-236.     Mazax    pax    n.    n.      233,     Internal    epigynum,    dorsal    view.      234,    External    epigynum.      235,    Left    palpus. 
236,   Embolus. 

Figs.  237-240.     Mozax  ajax  n.  sp.    237,  Left  palpus.    238,  Embolus.     239,    Internal    epigynum,    dorsal    view.     240,    External 
epigynum. 

Figs.    241-244.     Myrmecotypus    niger    Chickering.     241,    Internal  epigynum,  dorsal  view.    242,  External  epigynum.    243,  Geni- 
tal   bulb.     244,    Distal    end   of    genital    bulb. 

Figs.   245-248.      A^yrmecofypus  p/losus    (O.    P. -Cambridge).     245,    External    epigynum.     246,    Internal    epigynum,    dorsal    view. 
247,   Left  palpus.     248,    Embolus. 

(Scale    line   for   epigyna,    palpi   or   genital    bulb    m    0.59   mm;    for   emboli    and    end    of   genital    bulb    zz    0.15    mm.) 
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Plate  XVIII 

Figs.   249,   250.     Myrmecofypus   lineatipes  Chlckering.     249,    Internal    epigynum,    dorsal    view.     250,    External    epigynum. 

Figs.    251,    252.      Myrmecofypus    fuliginosus    O.    P. -Cambridge.     251,  External  epigynum.    252,   Internal  epigynum,  dorsal  view. 

Figs.    253-257.     Myrmecofypus    orpheus    n.    sp.     253,    Internal    epigynum,    dorsal    view.      254,    External    epigynum.     255,    Left 
palpus.     256,    Embolus,   ventral   view.     257,    Embolus,    lateral   view. 

Figs.    258-261.     Myrmecofypus   olympus   n.    sp.     258,    External    epigynum.     259,    Internal    epigynum,    dorsal    view.     260,    Left 
palpus,  ventral   view.     261,    Left  palpus,    lateral   view. 

Figs.  262-265.     Myrmecofypus  rettenmeyerl  Unzicker.    262,   Left  palpus,  ventral  view.     263,   Distal   end  of  left  palpus,   lateral 
view.     264,    Internal   epigynum,   dorsal   view.     265,   External    epigynum. 

(Scale    line    for    epigyna    and    palpi    =:    0.59    mm;    for    emboli    :=  0.15   mm.) 
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Plafe  XIX 

Figs.    266,    267.      Castianeira   cincfa    (Banks).     266,    Female    abdomen.     267,    Apex    of    left    chelicero,    dorsal    view. 

Figs.    268-270.     Castianeira    trimac    n.    sp.     268,    Female    abdomen.     269,    Male    abdomen.     270,    Apex    of    left    chelicero, 
dorsal   view. 

Figs.    271-273.      Castianeira    dentafa    Chickering.      271,    Eye    region     of    male.      272,     Male     abdomen.      273,     Apex    of    left 
cfielicera,   dorsal   view. 

Fig.    274.      Cosfione/ro   rothi    n.    sp.     Male    abdomen. 

Fig.    275.      Cas/ioneiro  othena  n.   sp.     Female   abdomen. 

Fig.    276.      Casfioneiro    cubono    (Banks).     Male    abdomen. 

Figs.    277,    278.      Cosfioneiro   guapa   n.    sp.     277,    Female   obdomen.     278,  Female  carapace. 

Fig.    279.      Costione/ro    abuelita    n.    sp.      Female    abdomen. 

Figs.    280,    281.     Mazax    xerxes    n.    sp.     280,    Male    carapace.     281,    Eye    region    of    mole. 

Fig.    282.     Mazax    chickeringi    n.    sp.     Mole    abdomen,    lateral    view. 

Figs.    283,    284.      Mazax    spinosa    (Simon).     283,    Mole    abdomen,   lateral  view.     284,   Female  abdomen,  dorsal  view. 

Fig.  285.      Mazax  pax  n.  n.    Female  abdomen,  lateral  view. 

Fig.    286.      Myrmecotypus    niger   Chickering.      Female    carapace. 

Fig.  287.     Myrmecotypus  re/fenmeyeri  Unzicker.     Male  carapace. 

Fig.    288.      Myrmecotypus    orpneus    n.    sp.      Female    carapace. 

Fig.    289.      Myrmecotypus    olympus    n.    sp.      Female    abdomen. 

Fig.    290.     Sphecotypus    niger    (Perty).     Penultimate    female    carapace. 

(Scale    line    for    abdomens    and    carapaces    =    2.72    mm;    for    eye    regions    :=    0.94    mm;    for  cheliceral    apices    ^    0.24    mm.) 
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guapa,  Castianeiia,  249 


Valid  names  are  printed  in  italics.   Page  numbers 
refer  to  main  references. 

abiielita,  Castianeira,  250 
agilis,  Thargalia,  208 
ajax,  Mazax,  268 
alata,  Castianeira,  188 
alba,  Castianeira,  242 
aJfa,  Castianeira,  226 
alteranda,  Castianeira,  206 
amoena,  Castianeira,  204 
amoena,  Corinna,  204 
arizonica,  Castianeira,  182 
athena,  Castianeira,  228 
aurata,  Castianeira,  217 
azteca,  Castianeira,  234 

bivittata,  Castianeira,  221 

canadensis,  Thargalia,  221 
Castianeira,  181 
chickeringi,  Mazax,  262 
cincta,  Castianeira,  253 
cinctus,  Myrmecotypus,  253 
cingulata,  Castianeira,  221 
cingnlata,  Corinna,  221 
crocuta,  Castianeira,  200 
crocatus,  Herpyllus,  200 
cruciger,  Herpyllus,  214 
crucigera,  Castianeira,  214 
ciibana,  Castianeira,  247 
cubana,  Castianeira,  201 
cubanus,  Myrmecotypus,  247 

dentata,  Castianeira,  255 
descripta,  Castianeira,  208 
descriptus,  Herpyllus,  208 
discreta,  Mynnecotypus,  279 
dorsata,  Castianeira,  231 
dorsata,  Thargalia,  231 
dubiu,  Castianeira,  238 
dubium,  Corinnonima,  238 
duge.ni,  Castianeira,  223 
dugesii,  Micariaulax,  223 

fallax,  Thargalia,  208 
flehilis,  Castianeira,  198 
floridana,  Castianeira,  201 
floridana,  Thargalia,  201 
formicarius,  Sphecotypus,  282 
fuliginosus,  Myrmecotypus,  270 


hichrymosa,  Castianeira,  194 
lachrymosa,  Pedo,  194 
lineata,  Castianeira,  272 
liiieatipes,  Myrmecotypus,  271 
lineatus,  Myrmecotypus,  272 
longipalpus,  Castianeira,  186 
longipalpus,  Herpyllus,  186 
luctifera,  Castianeira,  190 
luetuosa,  Castianeira,  236 
luctuosa,  Thargalia,  190 
lugens,   Castianeira,   194 

marmoratus,  Herpyllus,  204 
Mazax,  258 
media,  Corinna,  186 
memnonia,  Ca.stianeira,  245 
memnonia,  Corinna,  245 
mexicana,  Castianeira,  195 
mexicana,    Thargalia,    195 
Micariaulax,  181 
modesta,  Thargalia,  195 
Myrmecotypus,  270 

nanella,  Castianeira,  225 
niger,  Myrmecotypus,  274 
niger,  Sphecotypus,  282 
nigra,  Myrmecia,  282 
nitida,  Castianeira,  238 

obscurus,  Myrmecotypus,  280 
occidens,  Castianeira,  211 
olympus,  Myrmecotypus,  275 
omatus,  Herpyllus,  204 
ornatus,  Pedo,  202 
orpheus,  Myrmecotypus,  211 

pacifica,  Corinna,  186 
pax,  Mazax,  264 
Pedo,  181 

pedo,  Castianeira,  202 
peregrina,  Castianeira,  251 
peregrina,  Mazax,  251 
perplexa,  Thargalia,  186 
pilosa,  Corinnonima,  280 
pilosus,  Myrmectoypus,  280 
pinnata,  Ceotrecha,  186 
plana,  Mazax,  259 
plorans,  Castianeira,  195 
plorans,  Pedo,  195 
pliunosus,  Pedo,  202 
pusilla,  Castianeira,  255 


Goetrecha,  181 
gertschi,  Ca.stianeira,  217 
gracilis,  Thargalia,  195 


rettenmeyeri,  Myrmecotypus,  278 
rica,  Ca.stianeira,  240 
rothi,  Castianeira,  229 
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segrejjata,  Mazax,  259 
similis,  Castiancira,  244 
similis,  M\  riiit'totypus,  244 
Sphecotijpus,  282 
spinosa,  Castianeira,  259 
spiiiosa,  Mazax,  259 
spinosa,  Mazax,  264 
stnpkai,  Castianeira,  219 
stylifcra,  Castianeira,  233 

fhalia.  Castianeira.  192 
Thargalia,  181 
tricolor,  Corinna,  182 
trilineata,  Castianeira,  219 
trilineatns,  Heriiyllns,  219 
triniac,  Castianeira,  256 
tristis,  Agroeca,  186 


truncata,  Castianeira,  237 
Tslophora,  181 

variata,  Casiianeira,  197 
venusta,  Castianeira.  202 
venusta,  Thargalia,  202 
vittatns,  Sphasns,  208 
vulnerea,  Castianeira,  216 

walsinghami,  Agroeca,  213 
ivalsinghanii,  Castianeira,  213 

xerxes,  Mazax,  261 

zembla,  Castianeira,  239 
zionis,  Castianeira,  182 
zonarius,  Herpyllus,  221 
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ABSTRACT 

The  squamate  reptiles  (428  specimens; 
63  species  and  subspecies)  collected  by 
Dr.  Henry  Field  in  Syria,  Iraq,  Saudi 
Arabia,  Iran,  and  West  Pakistan  (Peabody 
Museum-Harvard  Expeditions,  1950  and 
1955)  are  described.  Each  form  is  treated 
under  the  following  headings:  material 
examined  (and  localities),  pholidosis,  mea- 
surements, coloration,  and  remarks.  Empha- 
sis   is    put    on    the    relatively    abundant 


^  Attention  is  called  to  a  paper  by  Loveridge 
(1959:  226-227)  in  which  determinations  are 
given  for  some  specimens  from  West  Pakistan 
(Baluchistan  and  Sind)  and  Saudi  Arabia  ( Al 
Uqair). 


material  of  the  genera  Agama,  Acantho- 
dactyhis,  Ophis-ops,  and  Eremios.  The 
meristic  variation  of  large  series  is  sum- 
marized in  histograms  and  statistical  tables. 
Two  new  forms  are  described:  Agama 
persica  fieldi  and  Eremias  brevirosiris 
fieldi.  Several  probable  novelties  are 
pointed  out.  The  concluding  discussion 
begins  with  a  brief  presentation  (with 
map)  of  the  two  main  views  on  the  zoo- 
geographical  subdivision  of  Southwestern 
Asia:  according  to  Bodenheimer,  the  Medi- 
terranean Sub-region  of  Wallace  is  com- 
posed of  three  Sub-regions,  Mediterranean, 
Irano-Turanian,  and  Saharo-Sindian,  which 
together  occupy  a  greater  area  than  Wal- 
lace's Mediterranean.  Regional  species  lists 
(of  the  above  material)  follow. 

INTRODUCTION 

The  collection  here  reported  on  consists 
of  428  specimens  of  lacertilians,  amphis- 
baenians,  and  ophidians,  comprising  at 
least  63  species  and  subspecies.  It  con- 
stitutes the  squamate  part  of  the  herepe- 
tological  material  that  was  assembled  by 
Dr.  Henry  Field  during  the  Peabody 
Museum-Harvard  University  Expeditions 
of  1950  and  1955  (the  amphibians  and 
chelonians  have  not  been  examined  by 
us).  The  material  has  been  collected  in 
Iraq,  Iran,  Syria,  Saudi  Arabia,  the  Persian 
Gulf  (Bahrain  Island  and  Trucial  Oman 
Coast),  and  West  Pakistan. 

The  huge  area  concerned  (roughly  2400 
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km  in  W-E  direction)  presents  strongly 
divergent  landscapes,  climates,  and  habi- 
tats, and  its  hcrpetofauna  accordingly 
appears  to  be  very  di\crsified,  few  species 
(not  to  mention  subspecies)  ranging 
throughout  the  area.  Indeed,  the  rich  rep- 
tile fauna  of  South^^'este^n  Asia  is  rather 
inadequately  known.  It  is  significant  that 
since  the  publication  of  the  second  edition 
of  the  herpetological  part  of  the  Fauna  of 
British  India  (Smith,  1931,  1935,  1943),  a 
survey  on  herpetology  has  been  compiled 
for  only  one  of  the  five  countries  treated 
here  ( Iraq— Khalaf ,  1959).  Other  rela- 
tively comprehensi\e  recent  papers,  which 
we  found  particularly  useful,  are  those  on 
reptiles  from  Iran  by  S.  C.  Anderson  ( 1963) 
and  on  the  reptiles  of  West  Pakistan  by 
S.  A.  Minton   (1966). 

As  will  be  seen,  the  present  collection 
has  t\^'0  merits  that  greath"  enhance  its 
contribution  to  the  know^ledge  of  the  hcrpe- 
tofauna of  Southwestern  Asia.  First,  many 
forms  are  represented  by  several  speci- 
mens, or  even  by  considerable  series,  from 
each  of  several  localities.  Second,  much 
of  the  material  originates  from  regions 
from  which  very  few,  if  any,  reptiles  ha\e 
hitherto  been  available.  This  applies  in 
particular  to  the  Luristan  mountains  in 
Iran  and  to  the  Makran  hills  of  Baluchistan 
in  West  Pakistan  (cf.  Minton,  1966:  38).^ 

A  number  of  presumably  new  sub- 
species, and  perhaps  species,  are  included 
in  the  collection,  Init  in  most  cases  we  con- 
tented ourselves  \\  ith  merely  pointing 
these  out,  since  they  should  be  treated  by 
future  revisers  of  the  groups  concerned  in 
a  more  thorough  manner  than  is  feasible 
here.  New  forms  are  described  here  in 
onlv  two  instances,  in  which  the  material 
was  particularly  ample,  distinct,  and  uni- 
form: Agama  persica  fieldi  and  Eicmias 
hrevirostris  fieldi.  We  are  delighted  to 
have  had  this  opportunit\"  to  record  both 
our  recognition  of  Dr.  Henry  Field's  con- 
tinuous contribution,  since  1927,  to  the 
advancement  of  the  herpetology  of  South- 


western  Asia   and   our   own   manifold   in- 
debtedness to  him. 

LOCALITIES 

Figures  1,  2 

All  the  localities  at  which  material  has 
been  collected,  in  Syria,  Iraq,  and  Iran, 
have  been  indicated  on  a  tracing  of  a 
1:4,000,000  map  (Bartholomew,  1959,  "The 
Middle  East")  by  the  collector.  Dr.  Field. 
These  are  represented  as  solid  circles  in 
Figure  1,  whereas  additional  points  of 
reference  are  represented  as  hollow  circles. 
Localities  in  Saudi  Arabia  are  given  in 
Figure  2  (except  Turaif,  included  in  Fig. 
1).  Stations  refer  to  Iraq  Petroleum  Com- 
pan\-   ( IPC  )   Pipeline  Stations. 

List  of  Localities  ix  West  Pakistan 

Big  Kapoto,  10  mi.  S  of  Kalat,  Baluchistan 
Quetta,  Baluchistan 

Nag,  75  mi.  NE  of  Panjgur,  Baluchistan 
Little  Kapoto,  10  mi.  S  of  Kalat,  Baluchi- 
stan 
Pasni,  Baluchistan 

Saradoo,  2S  mi.  S  of  Panjgur,  Baluchistan 
Shahi-Tump  near  Turbat,  Baluchistan 
Shahi  River,  Kalat,  Baluchistan 
Zallaq,  5  mi.  S  of  West  Pakistan 

Note.    For   locations   see   traverse   maps 
in  Field  (1959). 

METHODS 

The  techniques  and  procedures  involved, 
although  simple,  are  less  standardized  than 
is  implied  by  the  lack  of  explanations  in 
most  papers  of  this  kind.  The  following 
statements  may  therefore  be  useful. 

Regarding  tcixouomic  usage  we  have  fol- 
lowed, as  far  as  feasible,  the  recommen- 
dations of  Mayr,  Linsley,  and  Usinger 
( 1953 ) .  Terms  are  employed,  as  far  as 
possible,  in  agreement  with  definitions 
cited  in  the  Dictionary  of  Herpetology  (J. 
A.   Peters,    1964b). 

Synonymy  and  references  are  given, 
under  the  heading  for  each  species  or  sub- 
species, onl\-  to  the  extent  required  to 
justify  and  explain  the  name  used. 
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Figure   1.     Sketch  map  of  Iraq,  western    Iran,  and  adjacent  territories.      Collecting     sites — solid     circles.      Other    localities    of 
interest  or  for  reference — hollow  circles.     Key  in  text. 


Key  to  Figure  1 


SYRIA 


1  Wadi  Sukhura  near  Jebel  Abdul  Aziz, 
W  of  Hasseke   (Hassetche) 

2  20  mi.  N  of  Station  T-2 

3  3  mi.  NW  of  Station  T-2 
Qariatein-IPC      Pipeline      ( excluded 
from  map;  ca.  50  km  NE  of  Qaria- 
tein) 

A     Deir-ez-Zor 
IRAQ 

1  Havdian,   at   foot   of  Jebel   Baradost 
near  Ruwanduz   ( Rowandiz ) 

2  10  mi.  E  of  Station  T-1 

3  Near  Station  H-2 

4  Haditha,  on  the  Euphrates 

5  Station  K-3  near  Haditha 

6  Lake  Habbaniya 

7  Abu  Ghraib,  W  of  Baghdad 

8  Kish  area,  E  of  Hillah 


9    Afaq   (Afej) 

Qaara  Depression,  N  of  Rutba 
A    Station  T-1 

B    Bir  Molusi  (Meloza),  N  of  Rutba 
C    Station  H-2 
D    Baghdad 

E    Hor  al-Hawiza,  east  of  Amara 
F    Basra 
IRAN 

1  Zagheli 

2  Dcuud 

3  Mazuo 

4  Shalgahi 

5  Dizful 

6  Mahor  Birinji 

7  Gotwand 

A    Khurrumabad    ( Khorramabad ) 
SAUDI  ARABIA 

2     Trans-Arabian  Pipeline  (Tapline) 
7     Turaif    (ARAMCO    Station    VI)    on 
Tapline 
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Figure  2.     Sketch   mop  of  areas  surrounding  the  Persian  Gulf.     Collecting    sites — solid    circles.     Other    localities    of    interest   or 
for   reference — hollow  circles.     Key   in   text. 


2 
3 
4 


Key  to  Figure  2 

IRAN 

A    Sliiraz 

B    Bu.sliire 
SAUDI  ARABIA 

1     Al-Gai.sumah  near  Turaif  on  Tapline 
Trans-Arabian  Pipeline  (Tapline) 
Dhahran 
Al  Uqair 
BAHRAIN  ISLAND   (No.  5) 
TRUCIAL  OMAN  COAST 
6     Sharjah 

Conventional  scale  counts  (depending 
on  the  genus  concerned)  were  taken  at 
least  twice  independently  (see  Acknow- 
ledgments), and  if  satisfactorily  repeatable 
and  deemed  pertinent,  are  presented  here. 
Where  a  series  comprises  up  to  five  speci- 


mens, the  individual  figures  for  each  char- 
acter are  given  in  the  same  order  in  which 
the  respective  specimens  are  listed  under 
Material  Examined.  For  larger  series,  the 
indi\idual  counts  have,  in  most  cases,  been 
replaced  by  the  following  data  of  the 
sample:  number  of  specimens  (N),  ob- 
served range  ( O.R. )  of  the  character,  its 
mean  value  (M),  and  its  standard  deviation 
(S.D.),  based  on  the  formula  S.D. 


( where  d  =  deviation  of  any  individual 
figure  from  the  mean  for  that  character). 
Thus  anyone  interested  in  the  coefficient 
of  variability  or  the  standard  error  can 
derive  these  from  our  tables  ( Mayr  et  al., 
1953:  134,  141).  The  centrals  of  snakes 
were  counted  beginning  with  the  first  scale 
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posterior  to  the  gulars  that  is  distinctK 
wider  than  long,  and  exckiding  the  anal 
(Schmidt  and  Davis,  1941:  26).' 

Measnrements  of  snouf-vcnt  length  (  = 
head  and  bod\  )  and  of  fail  length  were 
taken  b\-  pressing  the  specimen's  ventral 
surface  against  a  rigid,  transparent  milli- 
meter ruler.  Man\-  of  the  snakes  were 
strongly  contorted,  and  then  the  measure- 
ments given  are  means  between  the  results 
of  this  method  and  those  obtained  by 
apphing  a  string  along  the  midventral  line 
of  the  body  (which  method  usually  gives 
too  high  a  figure).  All  measurements  of 
head  length  were  taken  parallel  to  the 
long  axis  of  the  body,  by  means  of  a  metal 
ruler  provided  at  its  zero  line  with  a  broad 
stopper  (against  which  the  specimen's 
snout  would  abut)  and  along  which  an 
adjustable  indicator  could  slide.  In  each 
case  we  specify  in  the  text  whether  head 
length  was  taken  to  the  occiput,  to  the 
posterior  margin  of  the  ear,  etc.  Limbs 
were  measured  from  the  axilla  or  the  groin 
to  the  base  of  the  most  distal  claw.  When- 
ever possible,  the  limb  was  measured  while 
it  was  stretched  at  a  right  angle  to  the 
body. 

The  eoJors  of  the  specimens  must  ha\'e 
faded  and  changed  considerably  during 
the  ten  to  fifteen  years  that  passed  be- 
tween their  preser\'ation  and  our  exami- 
nation of  them.  Many  specimens  have 
obviously  been  darkened  by  overexposure 
to  foiTnalin.  We  therefore  comment  pri- 
marily on  the  pattern  of  the  coloration,  and 
mention  colors  only  where  apparently  per- 
tinent. In  the  circumstances,  this  is  done 
in  common  sense  terms,  without  reference 
to  a  color  dictionary. 

Our  remarks  certainly  constitute  no  ex- 
haustive discussion  of  each  specimen  or 
sample.  We  have  only  tried  to  hint  at 
some  of  the  main  problems  or  (rarely) 
possible   conclusions. 

All  line  drawings  were  prepared  by 
means  of  a  camera  lucida.  The  ruler  in- 
cluded in  the  photcjgraphs  shows  cm  and 
mm.    In  the  photographs  of  dorsal  scales 


we  have  superimposed  on  this  ruler  a  scale 
bar  representing  1  per  cent  of  the  snout- 
vent  length  of  the  respective  specimen  (at 
the  same  magnification ) .  Thus  the  size 
of  the  scales  can  be  interpreted  without 
further  reference  to  the  size  of  the  speci- 
men. 

The  bibliography  includes  works  both 
cited  expressly  in  the  text  and  consulted 
without  citation. 

SYSTEMATICS 

ORDER   LACERTILIA 
Family  Gekkonidae 
Sfenodocfylus  slevini   Haas 
Plate  1,  A-C 

Stcnodacfylm  slevini  Haas,  1957,  Proc.  Calif. 
Acad.  Sci.,  (4)  29  (3):  54,  fig.  3  (Dhahran, 
Saudi  Arabia). 

Material  examined.  SAUDI  ARABIA 
(2):  MCZ  56507-08,   i  i,  Saudi  Arabia. 

Fholidosis.  The  rostral  has  the  t\pical 
middorsal  depression  and  cleft.  The 
strongly  swollen  nostril  is  surrounded  by 
the  rostral  and  three  nasals,  the  first  labial 
barely  avoiding  contact  with  the  nostril. 
Upper  labials:  12/12  and  15/15;  lower 
labials:  14/13  and  13/13.  Number  of 
granules  between  superciliary  ridges:  at 
midorbital  level,  32;  32;  between  the  pos- 
terior corners  of  the  eyes,  41;  49.  No 
femoral  or  preanal  pores.  Each  of  the 
ventral  granules,  particularh'  posteriorly, 
culminates  in  a  rosette  of  four  or  five 
"microtubercles"  surrounding  a  central  pit. 

Measurements.  Snout- vent:  52  mm;  54 
mm.  Tails  missing.  Diameter  of  eye  (ex- 
posed portion ) :  4  mm. 

Coloration.  Rusty  brown,  including  the 
ventral  side;  dorsal  side  with  a  close  net  of 
a  delicate  blackish  reticulation.  (Other 
preserved  geckos  in  the  same  collection 
have  retained  a  relatively  lighter  color  on 
the  ventral  side.) 

Remarks.  The  close  similarity  of  these 
specimens  to  the  original  types  is  remark- 
able. The  dark  coloration  of  the  ventral 
parts  is  very  unusual,  and  may,  after  all, 
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Table  1.  Pholidosis  and  Measurements  of  Bunopus  blanfordu  and  tuberculatus. 


Length 

Tubercle 

Pre  anal 

Lamellae 

Snout 

of  4th 

Localitv 

rows 

and 

imder 

to 

toe  from 

and  MCZ 

Upper 

Lower 

on 

femoral 

4th 

vent 

Tail 

insertion 

number 

labials 

labials 

bac-ki 

15ores 

toe 

( mm ) 

( mm) 

of  .5th  (mm) 

Arabia 
54407 

12/13 

9/9 

16 

0 

24/24 

47.0 

22.0  +  16 

8.5 

54408 

13/13 

10/10 

15 

0 

20/21 

41.5 

40.5  +    0 

7.0 

56516 

10/12 

10/11 

15 

0 

24/23 

49.0 

48.0 

7.0 

Iraq 

56514 

9/10 

9/12 

16 

0 

23/23 

41.5 

52.0 

6.5 

56515 

10/10 

9/10 

15 

10 

23/22 

40.5 

50.5 

7.0 

Iran 

56509 

9/10 

8/9 

15 

2= 

17/18 

53.0 

30.0  +  18 

7.5 

56510 

10/9 

10/9 

15 

0 

18/24 

34.0 

39.0 

5/5.5 

56512 

11/10 

10/9 

16 

0 

23/23 

42.0 

50.0 

6.0 

Including  lateral  row,  on  each  side,  of  small  tubercles. 
:  Since  our  specimen  has  the  usual  caudal  tubercles,  it  is  not  assignable  to  B.  hiponis  F.  Werner  (1938:  267). 


be  an  artifact.  (It  should  be  stated  that 
the  present  specimens  do  not  rank  as  meta- 
types,  as  we  have  not  compared  them  to 
the  types. ) 

Bunopus  fuberculafus  Blanford 

Table  1 

Bunopus  tuberculatus  Blanford,  1874,  Ann.  Mag. 
Nat.  Hist,  (4)  13:  454  ("in  Gedrosia  Persia- 
que,"  restricted  by  Smith  [1935]:   Baluchistan). 

Material  examined.  SAUDI  ARABIA 
(1):  MCZ  56516,  Saudi  Arabia.  IRAQ  (2): 
MCZ  56514,  56515,  Station  K-3  near 
Haditha  on  the  Euphrates.  IRAN  (3): 
MCZ  5a509,  4  mi.  W  of  Gotwand;  MCZ 
56510,  56512,  Mahor  Birinji. 

Thohdosis.  Nostril  surrounded  by  the 
rostral,  first  labial,  and  three  nasals. 
Meristic  characters  are  detailed  in  Table  1. 

Measurements.    See  Table  1. 

Coloration.  Rather  more  brownish  than 
grey,  and  the  dark  crossbands  much 
broader  than  in  B.  hUinfordii  (see  below), 
their  pigment  not  restricted  to  the  tuber- 
cles. Tubercles  between  these  bands  share 
the  general  ground  color  and  are  not 
whitish  as  in  B.  l)lanfordii.  The  head  pat- 
tern is  disposed  in  a  less  orderly  fashion  than 
in  B.  blanfordu,  but  a  dark  lateral  band 
through  the  eye  is  usually  discernible. 


Remarks.  These  animals  look  rather  more 
heavily  built  than  B.  blanfordii  from  Arabia 
or  from  southern  Israel  (personal  observa- 
tion); in  particular,  the  digits  are  thicker 
and  shorter  ( see  Table  1 ) .  The  difference 
in  the  nature  of  the  subdigital  lamellae  be- 
tween the  two  species  is  considerable.  ( See 
also  Remarks  under  Cyrfodactylus  scaber. ) 

Bunopus  blanfordii  Strauch^ 

Table  1 

Bunopus  blanfordii  Strauch,  1887,  Mem.  Acad. 
Sci.  St.  Petersbourg,  (7)  35  (2):  61,  pi.,  figs. 
13,  14  (Egypt  [record  believed  to  be  erroneous, 
Schmidt,  1939:  55]). 

Material  examined.  SAUDI  ARABIA 
(2):  MCZ  54407-08,  $  5,  Al  Uqair,  south 
of  Dhahran,  15  February  1955,  Dr.  and 
Mrs.   Henry  Field. 

Fholidosis.  The  nostril  is  surrounded  by 
the  rostral,  first  labial,  and  three  nasals. 
The  series  of  large  preanal  pores  is  con- 
tinued nearly  to  the  knee  in  MCZ  54408, 


^  Geckos  of  the  genus  Bunopus  Blanford  have 
been  referred  by  Boulenger  (1885,  1:  20)  to 
Alsophijlax  Fitzinger.  Leviton  and  S.  C.  Anderson 
(1963:  335-336)  have  reinstated  Bunopus  for 
those  species  that  have  dorsal  tubercles,  among 
which  both  blanfordii  and  tuberculatus  are  in- 
cluded. 
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and  three-quarters  of  tli(>  \\a\'  in  MCZ 
54407  (J.  Anderson,  lcS96:  21).  Meristie 
characters  are  gi\en  in  Table  1. 

Measurements.    Svc  Table  1. 

CoJoration.  Dorsally  light  grey-beige; 
nian\'  of  the  tubercles,  particularly  on  the 
Hanks,  are  whitish,  the  others  brown,  pro- 
ducing a  faint  crossband  pattern.  The 
head  (at  least  of  MCZ  54407)  with  four 
pairs  of  incomplete,  brown,  longitudinal 
bands:  first,  from  nostril  to  upper  (an- 
terior )  corner  of  eye;  second,  through  eye 
onto  occiput;  third,  along  upper  labials 
tluough  orbit  and  to  ear;  fourth,  through 
lower  labials,  continued  below  ear.  Tail 
with  alternating  brown  and  whitish  half- 
rings.  Ventral  parts  whitish,  very  finely 
iiKHtled  with  light  beige-grey.  Regenerated 
portion  of  tail  light  brownish  grey,  almost 
uniform  dorsally  and  ventrally. 

Remarks.  The  digits  of  these  tw  o  speci- 
mens are  much  more  slender  than  those  of 
B.  tiibereuhifiis,  described  above.  The  dif- 
ference in  actual  length  is  expressed  in 
Table  1.  (See  also  Remarks  under  Cyrtu- 
(kicfylus  scaher. ) 

Cyrtodacfylus  scaber  (Heyden) 

Stcnodactt/hi.s    scaher   Heyden,    1827,    in    Riippell, 

Atl.   Reise  Xoidl.   Afr.,   Kept.,  p.    15,  pi.   4,   fig. 

2      ("Umgelning     \on     Tor,     Sinai" — Mertens, 

1922). 
Gijmnodactijlus   scaher:    Dnmeiil    ;ind    Bibron    (in 

part),   1836,  Erpetol.  Gen.,  3:   421. 
Ci/rtodactyhis    scaher:     Underwood,     1954,     Proc. 

Zool.  Soc.  London,   124   (3):   475. 

Material  examined.  IRAQ  (1):  MCZ 
56501,  9,  Afaq.  IRAN  (1):  MCZ  56500, 
2,  Shalgahi.  TRUCIAL  OMAN  COAST 
( 1 ) :  MCZ  56502,   6  ,  Sharjah. 

Pliolidosis.  Internasal  granules:  1;  1;  2. 
Upper  Labials:  <S/9;  9  11;  9/10.  L(nver 
labials:  9  9;  8/8;  8/8.  Number  of  pairs 
of  chin  shields  behind  the  postmentals 
(which  meet):  1;  1/2;  1.  Dorsal  tubercles 
in  10  ( ± )  longitudinal  rows.  The  male 
has  four  preanal  pores. 

Measurements.    Snout-vent:  32  mm;  30.5 


mm;  35  mm.  Only  the  second  specimen 
has  a  complete  tail:   about  42  mm. 

Coloration.  Rrownish  grey.  Back  with 
three  longitudinal  series  of  darker  brown 
blotches;  the  vertebral  series  continued 
onto  the  tail  as  dark  half-rings.  Ventral 
side  somewhat  lighter,  excepting  the  distal 
quarter  of  the  tail,  which  is  as  dark  ven- 
trally as  dorsally. 

Remarks.  Specimens  of  Cyrtodactylus 
scaber  are  sometimes  confused  with  Biino- 
))us,  because  the  classical  distinguishing 
character — the  angulated  digits  of  the 
former — is  easily  misinterpreted.  How- 
ever, the  appearance  of  C.  scaber  is  really 
quite  different  from  that  of  Bunopus, 
owang  to  the  perfectly  regular  arrangement 
of  the  large  dorsal  tubercles  in  the  former 
(but  not  in  the  latter).  The  presence  of 
postmentals  and  chin  shields  in  C.  scaber 
(absent  in  Bunopus)  constitutes  a  conven- 
ient criterion  for  conclusive  differentiation. 

Pristurus  cf.  rupestris  Blanford 
Plate  1,  D 

Pristurus  rupestris  Blanford,  1874,  Ann.  Mag. 
Nat.  Hist.,  (4)  13:  454  (Muscat  and  Island  of 
Karrack  near  Busheer  [Bushire],  Persian  Gulf). 

Material  examined.  PERSIAN  CULF 
(5):  MCZ  56517-21,  Bahrain  Island  and 
Sharjah,  Trucial  Oman  Coast. 

PlioUdosis.  Internasal  granules:  0-2  (1 
in  three  specimens).  Nostril  surrounded 
by  the  rostral  and  three  nasals.  Upper 
labials:  5-7  (mean:  6.4).  Lower  labials: 
3/4-5  (mean:  4.3).  No  dorsal  ridge,  nor 
tubercles  on  the  flanks.  Lamellae  under 
1st  toe:  probably  13  (starting  point  un- 
certain); under  4th  toe:  23-25  (mean: 
23.8). 

Measurements.  Snout-vent:  24.5-27  mm. 
All  tails  missing,  broken  at  the  base.  Ad- 
pressed  hindlimb  reaches  between  shoulder 
and  ear.  Diameter  of  eye,  about  1  1/4 
mm  (uncertain  due  to  shrinkage);  snout 
nearly  2.5  times  as  long. 

CoJoration.  Two  specimens  have  a  light 
vertebral  line  and  indications  of  five  asym- 
metrical light  transverse  lines.    The  other 
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specimens  are  uniformly  colored  dorsally. 
All  have  the  side  of  the  head  with  a  dark 
line  through  the  round  pupil,  and  the 
throat  spotted  with  roundish  blackish  dots, 
each  two  to  four  granules  in  diameter.  On 
the  sides  of  the  throat  the  spotted  area 
extends  backwards  towards  the   axillae. 

Remarks.  The  identification  of  this  series 
remains  doubtful  because  the  number  of 
labials  is  too  low  compared  to  Loveridge's 
data  (1947:  73).  The  absence  of  tails  pre- 
sents a  particular  difficulty  in  the  identifi- 
cation of  Pristunis  species.  Our  specimens 
do  resemble  P.  r.  iranicus  Schmidt  ( 1952:  2; 
1955:  201-202)  in  the  pattern  of  the  throat 
and  apparently  in  the  length  of  the  snout, 
which  is  longer  than  in  typical  rupestris 
(Smith,  1935:  64,  fig.  20). 'The  phohdotic 
characters,  however,  are  not  in  agreement. 

Phyllodactylus  elisae  (F.)  Werner 

PhyUodacttjhis  elisae  W'erner,  1895,  Verhandl. 
Zool.-Bot.  Ges.  Wien,  45;  14,  pi.  3,  fig.  1  a-e 
(Nineveh   near  Mosul,   Iraq). 

Material  examined.  IRAN  (1):  MCZ 
56504.  Mazuo. 

PJioIidos-is.  Upper  labials:  12  13.  Lower 
labials:  8/9.  Dorsal  tubercles:  14  in  a 
diagonal  row  across  the  back. 

Measurements.  Snout-vent:  43  mm.  Tail 
broken. 

Coloration.  Bro^\^^,  tubercles  and  ventral 
side  lighter. 

Remarks.  The  presence  of  14  rows  of 
tubercles  on  the  back  is  interesting; 
Werner's  types  had  10-12,  and  this  seems 
to  be  the  condition  in  Iraq  generally 
(Khalaf,  1959),  as  we  can  confirm  from 
two  specimens  (HUJ-R  16S5)  brought  by 
Professor  O.  Theodor  from  Iraq  in  1928. 
S.  C.  Anderson  (1963),  who  reports  on  18 
specimens  from  Iran  (collected  not  far 
from  the  locality  of  our  specimens),  makes 
no  comment  on  this  point. 

Pfyodactylus  hasselquisfii  ssp. 

Lacerta  hasselquisfii  Donndorff,  1789,  Zool.  Bytr., 
3:   133  (Cairo,  Eg>pt). 


Pti/odacti/his    lohatus,    Crav,    1825,    Ann.    Philos., 

"(2)   10:    198. 
Pttiodactt/lus    hassehiuistii:    Dunieril    and    Bibron, 

1836,  Erpetol.  Gen.,  3:  378,  pi.  33.  fig.  3. 

Material  examined.  IRAQ  (2):  MCZ 
5650,5-06,  6  i ,  Station  K-3  near  Haditha 
on  the  Euphrates. 

Pliolidosis.  The  two  specimens  are 
nearh-  identical.  Tlie  following  data  are 
given  for  comparison  with  Loveridge's 
table  (1947:  279).  Internasal  granules:  1. 
Nasals  surrounding  nostril:  3  (nasal  region 
elevated,  nearlv  tubular).  Upper  labials: 
12.  Lower  labials:  12;  10/11.  Tubercle 
rows  on  back:  10  (tubercles  small,  conical, 
high).  Scansors  under  1st  toe:  4(?),  under 
4th  toe:  10/11;  10.  (Lamellae  under  1st 
toe  8+8,  and  under  4th  toe  9+9. )  Tubercle 
rows  on  tail:   1  +  1. 

Measurements  (the  larger  male).  Snout- 
vent:  62  mm.    Tail:  56  mm. 

Coloration.  Light  brown  with  both 
lighter  and  darker  spots.  The  light  spots 
are  whitish  beige,  somewhat  roundish,  and 
about  7-10  granules  in  diameter,  excepting 
a  series  of  \'ertebral  blotches  which  are 
larger  and  less  regular  in  shape  and  which 
continue  onto  the  tail  as  light  half-rings. 
The  dark  spots  are  blackish  brown,  larger 
than  the  light  ones,  and  irregularly  scat- 
tered among  them,  sometimes  bordering 
on  them;  occasionally  a  dark  spot  sur- 
rounds a  whitish  one.  Both  tv'pes  of  spots 
combined  coxer  roughh-  as  much  of  the 
dorsal  area  as  the  ground  color;  from  a 
distance,  the  animal  looks  mottled  hap- 
hazardly in  these  three  hues. 

Remarks.  Of  the  few  specimens  of  this 
species  recorded  from  Iraq,  two  from 
Haditha  have  been  assigned  by  Schmidt 
(1939)  to  P.  h.  liassclquistii.  Khalaf  (1959) 
also  says,  "P.  Juissclquistii  hasselquistii 
(Donndorff)  is  the  probable  subspecies  in 
Iraq."  However,  the  present  specimens 
differ  from  those  from  Cairo  ( and  southern 
Israel)  in  their  less  slender  body  propor- 
tions, shorter  tail,  and  lower  number  of 
tubercle  rows  on  the  tail.  It  would  not  be 
prudent  to  base  a  new  subspecies  on  these 


Arabian  Lizards  and  Snakes  •  Haas  and  Werner 


335 


two  specimens;  the  more  so  since  this 
species  is  well  known  for  its  high  geo- 
graphical variability  ( Flower,  1933;  Y.  L. 
Werner,  1965)  and  nncertain  taxonomy 
(Loveridge,  1947;  Wermuth,  1965).  In 
general  habitns  and,  especially,  in  color- 
ation, onr  present  two  specimens  resemble 
a  series  collected  by  Mr.  Zinner  at  Sabkha, 
on  the  Euphrates,  in  northeast  Syria. 

Hemidacfylus  flaviviridis  RUppell 

Hcniidactyhis  flaviviridis  Riippell,  1S35,  Neiie 
W'irbelth. -Fauna  Ah\ss.,  Amph.,  p.  18,  pi.  6, 
fig.  2   (Massawa  Island,  Eritrea). 

Material  examined.  TRUCIAL  OMAN 
COAST  (1):  MCZ  56503,  9,  Sharjah. 
WEST  PAKISTAN  (1):  MCZ  54409,  S, 
Shahi-Tiimp  at  Turbat,  Baluchistan,  21 
March  1955,  Field. 

Pholido.m.  Upper  labials:  15/16  (the  3 
last  very  low);  12/12.  Lower  labials: 
12/13;  8/10.  No  dorsal  tubercles.  Femoral 
pores:  0;  6/9.  Lamellae  under  4th  toe: 
13/14   (proximal  ones  tiny);   11/12. 

Measurements.  Snout-vent:  59  mm;  71 
mm.  Tails  missing. 

Coloration.  On  the  grey-beige  dorsum 
of  MCZ  54409  there  are  five  narrow, 
lighter,  undulating  crossbands.  Tlie  dorsal 
skin  on  the  other  specimen  is  damaged. 

Family  Agamidae 

Calotes  versicolor  (Daudin) 

Agarna  versicolor  Daudin,  1802,  Nat.  Hist.  Rept., 
3:   395,  pi.  44   (India). 

Calotes  versicolor:  Jerdon,  1853,  J.  Asiat.  Soc.  Ben- 
gal, 22:   470. 

Material  examined.  WEST  PAKISTAN 
(1):  MCZ  54421,  Nag,  4000  ft.,  75  mi. 
NE  of  Panjgur,  Baluchistan,  30  March  1955. 

Measurements  (half-grown).  Snout-vent: 
79  mm.    Tail:   192  mm. 

Coloration.  Traces  of  seven  dark  cross- 
bands  on  the  body,  and  28  dark  rings  on 
the  tail,  the  first  three  to  four  incomplete 
ventrally,  the  last  three  to  four  confluent. 
Throat  with  about  seven  pairs  of  longi- 
tudinal (oblique)  dark  lines,  partly  con- 
tinued onto  the  bellv. 


Agama  agilis  sspp. 
{Agama  agilis  agilis  Olivier) 

Agama  agilis  Olivier,  1807,  Voy.  Emp.  Othoman, 
4:  394,  pi.  29,  fig.  2  (neighborhood  of  Bagh- 
dad). 

Agama  agilis  agilis:  Wettstein,  1951,  Sitzungsber. 
Akad.  W'iss.  Wien,  Math.-Naturw.  Kb,  Abt.  1, 
160    (5):    433. 

{Agama  agilis  isolepis  Boulenger) 

Agama    isolepis    Boulenger,     1885,    Cat.     Lizards 

Brit.   Mus.,   1:    342. 
Agama  agilis  isolepis:  Wettstein,  1951,  Sitzungslier. 

Akad.   Wiss.   Wien,   Math.-Naturw.   Kb,  Al^t.   1, 

160   (5):   434. 

Material  examined.  IRAN  (6):  MCZ 
56832-56837,  Mahor  Birinji.  WEST  PAKI- 
STAN (8):  MCZ  54413,  Quetta,  Baluchi- 
stan: MCZ  54414,  Saradoo,  28  mi.  S  of 
Panjgur,  Baluchistan,  24  March  1955;  MCZ 
54415,  Shahi  River,  Kalat,  Baluchistan,  21 
March  1955;  MCZ  54416-54420,  Nag,  4000 
ft.,  75  mi.  NE  of  Panjgur,  Baluchistan,  30 
March  1955. 

Pholidosis.  Scales  around  midbody: 
Iran,  about  80-95;  Pakistan,  about  60-75, 
but  90  in  MCZ  54414  (the  single  specimen 
from  Saradoo).  The  taxonomy  of  this 
Rassenkreis  appears  to  be  more  compli- 
cated than  was  assumed  by  Wettstein 
(1951).  According  to  Wettstein,  the  Balu- 
chistan population  would  belong  to  isolepis 
and  the  Iraq-North  Iran  populations  to 
aii,ilis.  In  our  material,  however,  the  speci- 
mens from  Saudi  Arabia  (see  later  under 
A.  e.  fieldi  n.  ssp. )  and  from  Iran  conform 
to  isolepis  in  the  naris,  \\'hich  is  clearly 
above  the  canthus  rostralis  (Boulenger, 
1885).  On  the  other  hand,  in  most  speci- 
mens from  Pakistan  the  naris  is  just  at  or 
a  trifle  below  the  canthus  (A.  agilis,  Bou- 
lenger, 1885).  Only  in  MCZ  54420,  a  juve- 
nile, is  the  naris  clearly  above  the  canthus 
and  pointing  directly  upwards,  not  dorso- 
caudally  as  in  the  other  specimens.  Speci- 
men 54420  is  also  remarkable  for  a  rosette 
of  six  enlarged  scales  surrounding  the 
pineal  scale.  Unlike  those  of  the  other 
specimens,  its  head  scales  are  rather  smooth 
and  not  convex,  and  its  dorsal  scales  have 
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flat  keels  and  are  not  mucronate.  The 
spiny  scales  at  the  upper  margin  of  the 
ear  are  fairlv  well  developed  in  the  speci- 
mens from  Baluchistan.  These  spines  are 
very  short  (not  easily  discernible)  in  the 
specimens  from   Iran. 

The  dorsal  scales  of  the  isolepis-like 
specimens  from  Iran  show  a  rather  abrupt 
change  from  the  larger  scales  of  the  median 
area  to  the  smaller  lateral  scales.  This 
characteristic  of  isolcpis  has  already  been 
noted  by  Steindachner  (1917:  14a).  In 
all  the  specimens  from  Baluchistan  this 
transition  is  very  gradual.  It  is  significant 
that  Smith  (1935)  criticized  Boulenger's 
( 1885 )  separation  of  isolcpis  from  oiiilis; 
whereas  Boulenger  (1890)  regarded  the 
specimens  from  India  (and  Baluchistan) 
as  isolcpis.  Smith  (1935)  regarded  them  as 
op,ilis.  Our  materials  from  Baluchistan,  by 
Boulenger's  own  criteria,  fall  mostly  within 
agilis,  only  the  one  specimen  54420  being 
more  /.so/ep/.s-like. 

Meosiirements.  Largest  from  Iran  (cf. 
isolcpis) — Snout-vent:  94  mm.  Tail  137 
mm.  Largest  from  West  Pakistan  (cf. 
agilis) — Snout- vent,  90  mm.  Tail  167+ 
mm  (incomplete;  the  next  largest  speci- 
men, snout-vent  80  mm,  has  a  tail  of  148 
mm). 

Coloration.  Iranian  specimens  (cf.  iso- 
lcpis)— Females  have  fi\c  dark  dorsal 
crossbands  between  occiput  and  pelvis. 
each  interrupted  by  five  longitudinal  light 
streaks.  The  dark  half-rings  of  the  tail 
likewise  are  interrupted  by  a  light  verte- 
bral streak.  The  throat  is  adorned  with. 
about  fifteen  undulating  dark  longitudinal 
lines.  Males  are  darker,  with  the  dorsal 
pattern  more  diffuse  and  a  blackish  latero- 
ventral  zone;  tlicir  throats  are  blackish 
medialh-,  but  laterally  the  female's  pattern 
persists.  A  photograph  of  a  male,  female, 
and  juvenile,  with  the  same  pattern  as  our 
specimens,  has  been  published  by  S.  C. 
Anderson   (1963:   448,  fig.   11). 

West  Pakistanian  specimens  (cf.  ogilis) 
— Dorsal  pattern  not  discernible  except 
for   tlie   light   and   dark   half-rings   on    the 


tail.  In  the  females,  the  throat  is  mottled 
with  irregular  dark  and  light  longitudinal 
bands,  the  belly  has  a  median  straight 
dark  band,  and  on  (Mth(M-  side  about  three 
undulating  longitudinal  bands.  In  the 
males,  the  throat  and  the  ventrolateral 
areas  are  suffused  with  blackish,  covering 
most  of  the  aforementioned  pattern.  A 
photograph  of  a  live  male  has  recently  been 
published  by  Minton  (1966:  pi.  17,  fig.  2). 
Remarks.  The  discussion  by  S.  C.  Ander- 
son (1963:  444-451)  should  be  consulted. 

Agama  cf.  persica  Blanford 
Figure  3,  B,  C 

Agama  persica  Blanford,  1S81,  Proc.  Zool.  Soc. 
London,  1881:  674,  pi.  59  (Iran:  Dehbid  and 
Kazerun ) . 

Material  examined.  IRAQ  (1):  MCZ 
56857,  i ,  Kish  area,  Hillah  Liwa.  SAUDI 
ARABIA  (1):  MCZ  56860,  o,  between  Al- 
Gaisumah  and  Turaif. 

Measurements.  Iraq  specimen — Snout- 
vent:  89  mm.  Tail  incomplete.  Arabian 
specimen — Snout-vent:  118  mm.  Tail:  181 
mm. 

Remarks.  In  pholidosis,  both  these  speci- 
mens agree  fairly  well  with  Blanford's 
description,  but  there  are  certain  discrep- 
ancies which  preclude  a  conclusive  deter- 
mination. Tims,  both  have  a  laterally 
compressed  tail,  instead  of  a  cvlindrical 
one.  The  difference  between  the  speci- 
mens is  also  disturbing:  whereas  the  Saudi 
Arabian  specimen  has  a  straightly  sloping 
forehead,  that  of  the  other  is  very  convex 
and  short.  The  Arabian  specimen  re- 
sembles Blanford's  plate  more  closely  than 
the  other,  yet  the  Iraq  specimen  shows 
traces  of  the  (required)  dark  crossbands, 
whereas  the  Saudi  Arabian  animal  is  nearly 
uniform,  occasional  whitish  tubercles  ex- 
cepted. Its  tail  has  remnants  of  dark  rings. 
The  ventral  coloration  of  neither  agrees 
with  Blanford's  description:  the  Arabian 
.specimen  has  a  blackish  throat  and,  along 
the  belly,  a  grey  median  band  and  grey 
ventrolateral  areas;  the  Iraq  specimen  has 


Arabian  Lizards  and  Snakes  •   Haas  and  Werner 


337 


Figure    3.      Agama    persi'co    sspp.      Outline    of    head,    lateral 
view,  of: 

A,  A.    p.    fieldi    subspec.    nov.,    MCZ    56866,     5     from 

Saudi  Arabia    (between   Al-Gaisumoh   and  Turaif). 

B,  A.    cf.    persica,    MCZ    56860,     6     from    Saudi    Arabia 

(between  Al-Gaisumah   and   Turaif). 

C,  A.  cf.  persica,  MCZ  56857,    5    from  Iraq  (Kish  area). 
All  drawn  to  same  scale.    Scale  bar:    10  mm. 


three   dark    longitudinal   bands    along   the 
whole  trunk. 

Apparently  the  taxonomic  unit  persica 
is  a  composite;  a  revision  of  this  group  of 
populations  (possibly,  of  species),  based 
on  all  available  material,  is  desirable. 


Agamo  persica  fieldi  subsp.  nov. 
Figure  3,  A;  Plates  2-6 

(?)Afiama  isolcpis  Steindachner,   1917,  Ann.  k. 
Xaturhist.    Miis.    Wien,    31:     147-149,    pi. 
(Mesopotamia:    El   Widian   and   Tekrit). 


k. 
3. 


HoJotype.  Male,  MCZ  56866,  between 
Al-Gaisumah  and  Turaif,  Saudi  Arabia. 
Collected  by  Field  in  1950. 

Porafypcs.  Six:  mak>s,  MCZ  56861-63 
and  56867;  females,  MCZ  56864-65.  Same 
locality  and  collector. 

Other  material.  Two:  male,  MCZ  56859; 
female,  56858.   Same  localitv  and  collector. 

Diafinosis:  Differs  from  Agama  persica 
persica  Blanford  1881  in  having  a  con- 
spicuous dorsal  pattern  of  dark  and  light 
longitudinal  bands  and  a  distinct,  though 
fainter,  comparable  ventral  pattern;  differs 
from  A.  agilis  Olivier  1807  and  A.  isolepis 
Boulenger  1885  in  the  dorsal  striped  pat- 
tern and  in  that  many  specimens  possess 
scattered  enlarged  dorsal  scales. 

Description  of  hoJotype.  A  male.  Head 
longer  than  broad,  \\\\h  \exy  convex  fore- 
head. Canthus  rostralis  continued  as  a 
superciliary  ridge.  Nostril  on,  barel\-  above, 
the  canthus,  pierced  in  a  flat  shield.  Upper 
head  scales  of  two  main  types:  anterior  to 
the  pineal  spot,  subimbricate,  convex,  some 
even  pyramidal;  posterior  to  the  pineal 
spot,  imbricate,  keeled,  and  the  most  pos- 
terior mucronate.  A  double  row  of  mucro- 
nate  scales  borders  the  ear  from  above  and 
is  continued  to  the  end  of  the  lateral  sur- 
face of  the  head.  Those  of  the  lower  row 
point  downward,  giving  the  ear  opening 
an  elongated  appearance.  Typical  double 
gular  pouch,  the  posterior  fold  extending 
onto  the  shoulder;  but  the  pouch  proper 
less  deep  than  in  tvpical  persica.  Body 
slightK-  depressed,  head  and  body  flatter 
than  in  other  persica.  Dorsal  scales  all 
strongh'  imbricate  and  distinctly  keeled, 
otherwise  variable.  Four  median  rows  are 
present.  On  each  side  there  are  two  rows 
of  larger  scales  that  are  distincth-  mucro- 
nate, with  upturned  points.  Further  laterally 
the  scales  gradualK'  diminish,  those  on  the 
lower  flank  being  smaller,  having  half  the 
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length,  or  less,  of  the  largest  dorsolateral, 
mucronate  scales.  \"entral  scales  somewhat 
larger,  rhomboidal,  imbricate,  and  keeled. 
x\mong  the  scales  on  back  and  flanks  there 
are  occasional  enlarged  ones,  about  one 
and  a  half  times  as  long  as  their  neighbors. 
Altogether  76  scales  around  the  middle  of 
the  trunk.  Dorsal  scales  of  limbs  similar  to 
middorsal  scales;  dorsal  scales  of  tail 
similar  to  larger  dorsolateral  scales;  all 
scales  of  these  parts,  excluding  the  smallest 
scales  inside  elbow  and  knee,  are  keeled. 
Limbs  as  in  typical  persica:  tibia  as  long 
as  head  (to  posterior  border  of  ear).  A 
single  row  of  seven  preanal  pores.  Scale 
rows  of  tail:  16  (counted  between  the 
proximal  and  middle  thirds  of  the  tail 
length ) . 

Measurements   of    Holotype 

MM 

Total  length 245 

Snout-vent 92 

Head  to  occiput      ....  17 
Head  to  posterior  border 

of    ear 22 

Head  to  jaw   angle     ...  25 

Head  width 20 

Trunk   length 75 

Forelimb 42 

Hindlimb 64 

Tail 153 

Coloration  of  liolotiipc.  A  prominent  pat- 
tern of  longitudinal  dark  and  light  stripes. 
A  light  grey  vertebral  band  of  uneven 
\\'idth,  with  four  constrictions  between 
thorax  and  pelvis;  this  coincides  with  band 
of  next-to-largest  middorsal  scales.  On 
either  side  are  three  dark  lirownish  bands, 
similarh'  of  uneven  width,  \\ith  blackish 
margins,  the  ground  color  between  them 
mottled  with  browai.  Of  the  dark  bands, 
the  dorsal  pair  is  the  most  conspicuous,  the 
ventralmost  pair  the  least  so,  merging  witli 
the  flank's  pattern.  The  latter  is  blackish 
brown,  speckled  with  whitish  spots,  each 
of  which  occupies  an  enlarged  scale.  The 
dark  bands  are  continued  onto  the  head 
to  the  level  of  the  posterior  corner  of  the 


eye.  Above  the  eyes,  a  pair  of  browm 
patches,  and  above  the  anterior  corner  of 
the  eyes,  an  undulating  crossband  (shaped 
like  an  expanded  M).  On  the  tail,  the 
pattern  of  bands  gradually  changes  to  one 
of  blotches,  followed  by  rings  (on  the 
distal  half),  each  dark  ring  interrupted 
middorsalK'  (except  the  few  last  ones). 
Similarh',  brachium  and  femur  with  longi- 
tudinal bands,  antebrachium  and  crus  with 
transverse  blotches.  Throat  with  about  15 
blackish  lines,  the  lateral  ones  arranged 
on  each  side  in  three  pairs,  the  medial 
ones  confluent.  Ground  color  of  belly  and 
\entral  aspect  of  limbs  a  \'ery  light  brown; 
belly  with  three  darker  grey  longitudinal 
bands,  the  two  lateral  ones  interrupted 
behind  the  axillae. 

Variation  of  the  type  series.  The  range 
of  the  number  of  scale  rows  for  the  whole 
series  (N=7)  is  73-88,  and  the  mean,  78.8. 
The  four  male  paratijpes  resemble  the  holo- 
type in  all  pertinent  details.  Scales  around 
tire  middle  of  the  tmnk:  73;  80;  83;  77. 
No  paratype  is  larger  than  the  holotype. 
One  male,  MCZ  56862  has  the  dark  throat 
pattern  bluish  black. 

Tlie  two  female  paratijpes  have  only 
traces  of  enlarged  scales  on  back  and 
flanks;  these  are  the  same  color  as  their 
neighbors.  Scale  rows:  75;  88.  The  preanal 
pores  are  minute,  each  occupying  the  tip 
of  a  scale.  The  largest  specimen  measures 
105  mm  snout  to  vent,  167  mm  tail  (MCZ 
56865).  The  throat  pattern  is  best  de- 
scribed as  consisting  of  nine  dark  longi- 
tudinal bands,  most  of  these  being  darker 
at  their  margins. 

Ranfie.  Former  material  apparently  as- 
signable to  the  same  form  includes  at  least 
single  specimens  from  El  Widian  and  from 
south  of  Tekrit  in  Iraq  (Steindachner, 
1917),  and  one  from  Qa  el  Umari  in  north- 
eastern Jordan  (Y.  L.  Werner,  in  MS). 

Remarks.  This  form  is  apparently  allied 
both  to  A<j.(in}(i  persica  Blanford  and  to  the 
agilis-isolepis  complex.  Since,  presumably, 
specimens  of  the  new  forms  collected  in 
recent  vears  have  usuallv  been  referred  to 
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persica,  it  seems  most  useful,  at  least  for 
the  time  being,  to  regard  the  new  form  as 
a  subspecies  of  the  latter.  This  course  is 
particularK-  justified  b\-  the  close  resem- 
blance between  the  two  in  pholidosis  and  in 
the  structure  of  the  double  gular  fold;  on 
the  other  hand,  the  subequal  scales  and 
somewhat  depressed  proportions  argue  for 
the  relationship  to  (liiilis-isolcpis. 

OtJicr  niaferidl.  The  male  and  female 
entered  under  this  heading  above  and  col- 
lected on  the  same  occasion  as  the  tynpe 
and  paratypes  are  outstanding  in  having  a 
mediodorsal  stripe  of  \er\-  small  scales, 
each  slighth-  more  than  half  the  length  of 
the  neighboring  dorsolateral  scales.  This 
median  stripe  of  small  scales  extends  from 
the  occiput  to  the  base  of  the  tail.  Further- 
more, these  two  specimens  have  a  paler 
coloration  throughout,  so  that  the  belly  has 
practicalK-  no  pattern.  The  number  of 
scale  rows  is  within  the  range  of  A.  /;. 
ficldi:  male,  74;  female,  87.  In  the  absence 
of  further  material,  these  two  specimens 
may  perhaps  be  regarded  tentatively  as  an 
extreme  form  of  A.  /).  ficldi. 

Agama  pallida  Reuss 

A^ama  pallida  Reuss,  1833  (1834),  Mus. 
Senckenb.,  1:  38,  pi.  3,  fig.  3  (t\pe  localitv  in 
dispute — see  Flower,   1933:   769). 

Mcdcrial  examined.  SYRIA  (1):  MCZ 
56868,  10  mi.  E  of  Station  T-1.  IRAQ  (4): 
MCZ  56839,  Iladitha,  on  the  Euphrates; 
MCZ  56840-56842,  Station  II-2.  SAUDI 
ARABIA  ( 14 ) :  MCZ  56<843-56856,  between 
Al-Gaisumah  and  Turaif. 

Pholidosis.  All  these  specimens  ha\e 
smooth  ventrals  (tliis  comment  is  made 
because  Agama  agnefae  Werner  1929, 
from  Bir  Meloza  in  Iraq,  is  distinguished 
by  its  keeled  ventrals  from  A.  pallida 
Reuss).  In  the  specimens  from  Iraq  and, 
especially,  in  the  one  from  Syria,  the  small 
dorsals  are  keeled,  as  well  as  the  large 
ones.  In  MCZ  56839,  the  dorsal  tubercles 
form  conspicuous  transverse  rows.  In  all 
specimens  the  ear  is  bordered  abo\e  b\- 
three  to  four  spines. 


Measurements.  Syria,  a  young  male  — 
Snout-vent:  57  mm.  Tail:  71  mm.  Iraq, 
largest  male — Snout-vent:  76  mm.  Tail: 
96  mm.  The  largest  female  (containing 
eggs,  ob\iousl\-  in  the  ()\iducts) — Snout- 
vent:  84  mm.  Tail:  85  mm.  The  Arabian 
specimens  are  imusually  large,  with  more 
slender  proportions  than  those  from  Egypt, 
Sinai,  or  Israel.  Largest  male — Snout- 
\ent:  93  mm.  Tail:  127  mm.  Largest  fe- 
male— Snout-vent:  91  mm.    Tail:   106  mm. 

Coloration.  Syria  and  Iraq — Tlie  four 
dorsal  transverse  bands  are  inconspicuous, 
but  usually  the  middorsal  light  interruption 
is  discernible.  On  the  tail  there  are  about 
12  dark  crossbands.  The  throat  is  adorned 
with  about  14  irregular  dark  grey  lines. 
Saudi  Arabia — Tlie  pattern  is  much  less 
distinct,  so  that  the  dorsal  crossbands  are 
hardh-  discernible,  and  on  the  tail  the 
crossbands  (each  uninterrupted,  as  in 
Iraq)  are  distinct  only  throughout  the 
proximal  two-thirds,  or  even  half.  The 
pattern  of  the  throat  is  also  more  diffuse. 

Remarks.  All  these  specimens  are  quite 
different  from  those  of  eastern  Egypt, 
Sinai,  and  southern  Israel.  The  difference 
is  even  more  marked  when  the  material  is 
taken  as  a  whole,  for  in  Israel  males  are 
much  smaller  than  females.  A  study  of 
this  supposedly  new  form  is  at  present 
under  way  (Y.  L.  Werner,  in  MS)  on  the 
basis  of  Jordanian  material. 

Agama  melanura  Biyth 

Laudakia   (Plocederma)   melanura  BKtli,   1854,  J. 

Asiat.    Soc.    Bengal,    23:     738     (?Salt    Range, 

Punjab ) . 
Agama   melanura:    Boulenger,    1885,   Cat.   Lizards 

Brit.   Mus.,   1:    363. 

Material  examined.  WEST  PAKISTAN 
(1):  MCZ  54412,  Big  Kapoto,  13  mi.  S 
of  Kalat,  Baluchistan   4  April  1955. 

Pholidosis.  Dorsal  scales  are  smooth. 
According  to  Smith  (1935:  218),  this  is 
typical  of  specimens  from  the  northern 
part  of  the  range.  The  caudal  scales  are 
arranged  in  bareh-  distinct  annuli. 
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Measurements.  Snout-vent:  121  mm. 
Tail:  207  mm. 

Coloration.  Black  dorsally,  and  blackish 
grey  ventrally.  The  tail  is  black  ventrally, 
too,  except  for  a  light  patch  at  its  thick 
base.  The  lower  sides  of  manus  and  pes 
are  hkewise  relatively  light  colored. 

Agama  nupfa  nupta  De  Filippi 

Agama  nupta  De  Filippi,  1843,  Cliorn.   1st  Lomb. 

Bib.  Ital.,  6:   407   ( Persepolis ) . 
Agama   nupta   nupta:   Minton,    1966,   Bull.   Amer. 

Mus.  Nat.  Hist.,   134   (2):  91-2. 

Material  examined.  IRAN  (1):  MCZ 
56838,  Mahor  Birinji. 

Pholidosis.  Enlarged  dorsal  scales  in  16 
rows. 

Measurements  (large  female).  Snout- 
vent:  144  mm.  Tail:  215+  mm  (tip  miss- 
ing). 

Coloration.  Dark  Brown.  Flanks  mot- 
tled with  roundish  light  brown  spots.  Al- 
most all  of  the  enlarged  scales  (middorsal 
and  those  on  the  limbs)  are  actually  very 
dark  brown  with  a  lighter  margin.  The 
ventral  parts  are  light  Ijrown;  throat  ir- 
reuularlv  mottled  with  black;  abdomen  and 
hindlimbs  rather  yellowish. 

Agama  caucasica  ssp. 

Stellio  caucasicus  Eichwakl,  1831,  Zool.  Spec,  3: 

187   (Tiflis  and  Baku,  Caucasus). 
Agama   caucasica    Boulenger,    1885,    Cat.    Lizards 

Brit.  Mus.,  1:   367. 

Material  examined.  WEST  PAKISTAN 
(1):  MCZ  54411,  Little  Kapoto,  10  mi.  S 
of  Kalat,   Baluchistan,  4  April   1955. 

Pholidosis.  About  175  scales  around  mid- 
body  (against  150-160  according  to  Bou- 
lenger). A  narrow  middorsal  band  of  en- 
larged, weakly  mucronate  scales,  six  scales 
broad.  On  either  side  a  dorsolateral  band, 
about  50  scales  broad,  of  tiny  scales.  On 
the  flank  10  rows  of  very  spiny  scales. 
Groups  of  spines,  especially  in  the  cervical 
region.  Our  specimen  is  a  male;  the  ven- 
tral patch  of  "pores"  is  about  2.3  scales  long, 
about  8  wide.  Two  to  three  irregular 
preanal  rows. 


Measurements.  Snout-vent:  134  mm. 
Tail  (incomplete):   154  mm. 

Coloration.  Very  dark.  The  throat  is 
spotted  with  distinct  lighter  spots:  several 
small  roundish  ones  anteriorly,  and  three 
large,   longitudinal   ones   posteriorly. 

Remarks.  Although  this  single  specimen 
agrees  in  certain  respects  \^•ith  Guibe's 
(1957)  A.  c.  mucronata  from  Iran,  it  dif- 
fers from  the  latter  in  that,  amongst  other 
things,  its  tympanum  is  not  wider  than  the 
eye,  and  there  are  no  spines  around  the 
tvinpanum. 

Phrynocephalus  scutellatus  (Olivier) 

Agama  scutellata  Oli\ier,  1807,  Voy.  Emp.  Otho- 

man.,  3:   110;  5:   196;  Atlas,  pi.  42,  fig.  1   (near 

Isphahan,  now  Isfahan,  Persia). 
Plinjnoccplialus  olivieri  Dumeril  and  Bibron,  1837, 

Erpetol.  Gen.,  4:   517. 
Fhnjnoccphaius    scutellatus:    Smith,    1935,    Fauna 

Brit.  India,  Kept.  Amph.,  2:   229. 

Material  examined.  WEST  PAKISTAN 
(24):  MCZ  ,54422-29  and  12  unnumbered 
specimens.  Nag,  4000  ft.,  75  mi.  from 
Panjgur,  Baluchistan,  30  March  1955;  MCZ 
54430-33,  Saradoo,  28  mi.  S  of  Panjgur, 
Baluchistan,  27  March  1955. 

Pholidosis  (of  the  numbered  specimens). 
Scales  around  midbody  111-153  (±5); 
mean,  128  (N=12).  Of  these,  scales  across 
the  belly,  40-45.  Dorsal  scales  subequal; 
there  are  no  real  enlarged  nail-like  scales 
among  them,  as  described  by  Smith  (1935: 
229),  but  such  scales  are  also  not  men- 
tioned by  Minton  (1966:  97),  who  deals 
with  Pakistanian  specimens. 

Measurements.  Largest  male  (MCZ 
54422)— Snout- vent:  49  mm.  Tail:  69  mm. 
Largest  female  (MCZ  .54430)— Snout-vent: 
44  mm.  Tail:  58  mm.  Fore-  and  hindlimbs 
of  males  reach,  adpressed,  beyond  the 
snout. 

Coloration.  The  dark  crossbands  on  the 
back  are  discernible  in  few  specimens; 
apparent])'  there  are  three  to  five.  On  the 
base  of  the  tail  there  are  one  or  two  dark 
crossbands,  behind  these  five  or  six  dark 
annuli.  These  are  darker,  almost  black, 
\'entrally,  contrasting  with  the  cream-white 
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\c>iitral  ground  color.  The  tip  of  the  tail 
is  whitish  ventrally,  grey  dorsally,  for  a 
length  about  ecjual  to  the  head  length. 

Remarks.  The  maximum  size  given  here 
is  greater  than  that  given  b\'  Minton  for 
specimens  from  West  Pakistan  (1966:  97 
— males,  44  mm  snout-vent;  females,  46 
mm  ). 


Phrynocepahlus  cf.  maculatus  J.  Anderson 

Vhnjnoceplialus  iiianilatu.s  }.  A/u/erson,  1872, 
Proc.  Zoo).  Soc.  London,  1872:  389  (Awada, 
Shiraz,   Persia ) . 

Material  examined.  TRUCIAL  OMAN 
COAST   (1):   MCZ  56969,  Sharjah. 

Pholidosis.  The  nostril  is  invisible  from 
the  dorsal  aspect,  directed  upwards  and 
forwards.  Nasals  separated  by  three  series 
of  scales.  There  is  no  lobe  at  the  angle  of 
the  mouth.    Dorsal  scales  homogeneous. 

Mea.siirements.  Snout-\ent,  66  mm.  Tail: 
90  mm.    Adpressed  hindlimb  reaches  e\e. 

Coloration.  Dorsum  brown,  speckled 
yellowish,  with  indications  of  darker  cross- 
bands  (?4),  which  are  interrupted  mid- 
dorsally.  Tail  with  dark  crossbands,  every 
second  of  which  is  broader  and  better  de- 
fined. Tip  blackish.  A  photograph  of  a 
live  specimen  showing  the  same  pattern  is 
given  by  Minton  (1966:  pi.  18,  fig.  3). 

Rermirks.  The  specimen  certainly  is 
assignable  to  neither  P.  arahicus  nor  P. 
nejdensis. 

Uromasfix  microlepis  Blanford 
Plate  7 

Uromastix  microlepis  Blanford,  1874,  Proc.  Zool. 
Soc.  London,  1874:   656,  pi.  53  (Basra,  Iraq). 

Material  examined.  SAUDI  ARABIA 
(2):  MCZ  56830-31,  between  Al-Gaisumah 
and  Turaif. 

Measurements  (juveniles).  Snout-vent: 
110  mm;  107  mm.  Tail  of  the  first:  77  mm 
(the  second  lacks  the  tip). 

Coloration.  Evidently  ]u\enile  coloration. 
Dorsum  blackish  brown  with  about  six 
.somewhat  irregular  yellowish  crossbands; 
these  are  interrupted  dorsolaterally  so  that 
each  consists  of  one  to  two  vertebral  spots 


and  lateral  bands.  Below  the  eye  there 
are  three  light  vertical  bars.  Underparts  a 
pinkish  light  brown,  throat  speckled  heavily 
with  grey-brown. 

7      Uromastix  loricafus  Blanford 

Cent  rot  rachelis  loricatus  Blanford,  1874,  Proc. 
Zool.  .Soc.  London,   1874:   660   (Bnshire,  Iran). 

Uromastix  loricatus:  Bonlenger,  1885,  Cat.  Liz- 
ards Brit.  Mns.,  1:   409,  pi.  32. 


Material  examined.  IRAN  (1):  MCZ 
56829,  15  mi.  S  of  Shalgahi. 

Measurements.  Snout-vent:  about  22 
cm.  Tail:  about  16.5  cm.  (The  specimen 
is  badh'  contorted. ) 

Coloration.  Dorsum  brown,  with  some 
of  the  tubercles  yellowish.  On  the  tail, 
some  groups  of  contiguous  tubercles  yel- 
lowish. Ventrally,  light  yellowish  brown; 
but  throat,  forelimbs,  and  femur  the  same 
brown  as  dorsalh'.  Two  Thrown  crossbands 
in  pectoral  region. 

Family  Lacertidae 

Lacerta  trilineata  media  (Lantz  and  Cyren) 
Figure  4,  A,  B 

Lacerta  viridis  media  Lantz  and  Cyren,  1920,  Bull. 
Soc.  Zool.  France,  45:  33  (Tiflis,  now  Tbilisi, 
Transcaucasia — Mertens   and  L.   Miiller,   1940). 

Lacerta  trilineata  media:  L.  Miiller,  1939,  Izv. 
tsarsk.   prirodnauch.   Inst.   Sofia,    13:    12. 

Material  examined.  IRAQ  (6):  MCZ 
56665,  S ,  56667-71,  juveniles,  Ilavdian,  at 
foot  of  Jebel  Baradost  near  Ruwanduz. 

Pholidosis.  All  specimens  have  four  pairs 
of  large  submaxillary  shields.  Superciliary 
granules:  7-9  ( 11  on  one  side  of  the  adult); 
mean,  8.3;  S.  D.,  1.21.  All  specimens  have 
two  postnasals  and  a  single  anterior  loreal 
on  each  side.  Scales  across  middle  of  back: 
48-55;  mean,  51.5;  S.  D.,  3.02.  Longi- 
tudinal series  of  ventral  plates:  6  (the 
enlarged  series  of  marginals  counted  among 
the  dorsals).  Plates  in  collar:  7-11;  mean, 
8.8;  S.  D.,  0.42.  Gular  scales  in  straight 
median  series:  18-23;  mean,  21;  S.  D., 
1.90.  Femoral  pores:  11-14;  mean,  12.7; 
S.  D.,  1.03.  Subdigital  lamellae  (4th  toe): 
26-28;  mean,  27.3;  S.  D.,  0.82. 
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Figure    4.     Lacerta    spp.    from    northern    Iraq.     Head,    lateral 
view,  of; 

A,  L  trilineata  media,  MCZ  56665,  adult   $  . 

B,  L   (.  media,   MCZ  56671,   iuvenile. 

C,  L    cf.    strigata,    MCZ    56666,    juvenile    |?).     Scale 

bars:     1 0  mm. 


Measnirements.  The  adult  male — Snout- 
vent:  128  mm.  Tail:  260  mm.  The  juve- 
niles— Snout-vent;  36—44  mm.  Tail:  (n=2): 
177-190  per  cent  of  snout-vent  length. 

Coloration.  The  adult  male  shows 
scarcely  any  distinguishable  pattern.  The 
whole  head  is  covered  with  a  fine  blackish 


reticulum  of  vermiform  lines;  the  dorsal 
scales  of  the  tail  and  the  larger  scales  of 
the  limbs  are  similarly  adorned.  Most  ven- 
tral scales  (of  all  parts)  are  a  dark  grey 
with  light  margins.  All  juveniles  have  a 
light  vertebral  line  from  occiput  to  pelvis; 
on  either  side  there  are  two  similar  lines, 
and  a  third  interrupted  one.  The  five 
medial  lines  are  sharply  delimited,  each 
about  two  scales  broad;  the  lateralmost 
pair  coincides  with  the  marginalia. 

Remarks.  The  pholidosis  of  our  material 
is  in  perfect  accord  with  the  diagnosis 
given  for  this  subspecies  by  G.  Peters 
(1946a:  243).  It  is  interesting  to  compare 
the  mean  values  of  our  counts  with  those 
mapped  by  Peters  (1964a:  figs.  2-8). 
While  most  of  our  values  are  more  or  less 
the  same  as  those  found  in  the  areas  of 
Adana-Amanus  and  Armenia,  or  inter- 
mediate between  them  when  these  differ, 
the  number  of  scales  across  the  back  is 
somewhat  higher  in  Havdian.  The  differ- 
ence in  tail  length  between  our  male 
(203%  of  snout-vent  length)  and  juveniles 
( 177-190  7f  )  is  in  full  agreement  with  the 
ontogenetic  allometry  described  by  Peters 
(1964a:   fig.  10). 

No  Lacerta  trilineata  has  apparently 
been  recorded  from  Iraq  so  far  (nor,  in- 
deed, any  member  of  the  genus  Lacerta). 
The  range  of  L.  /.  media  covers,  according 
to  Mertens  and  Wermuth  (1960:  150), 
northeast  Asia  Minor,  the  Caucasus,  and 
the  areas  to  the  southeast,  to  Mardin  (SE 
Anatolia).  Peters  (1964a:  243)  gives  a 
broader  range,  including  part  of  Iran,  to 
the  neighborhood  of  Isfahan  (Isphahan) 
(map,  Peters,  1962:  fig.  4). 

lacerta  cf.  strigata  Eichwald 
Figure  4,  C 

Lacerta  strigata  Eichwald,  1831,  Zool.  Spec.  Ross. 
Pol.,  .3:    189    ( Krasnovodsk,   Nordi   Caucasus). 

Material  examined.  IRAQ  (1):  MCZ 
56666,  juvenile,  Havdian,  at  foot  of  Jebel 
Baradost,  near  Ruwanduz. 

Pholidosis.  Five  pairs  of  large  sub- 
maxillary shields,  the  fifth   slightly  larger 
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tluin  tlu'  second.  Superciliary  granules, 
2/3.  Nostril  bordered  by  the  rostra],  first 
labial,  one  anterior  and  two  posterior 
nasals.  One  anterior  loreal.  Scales  across 
middle  of  back,  36.  Longitudinal  series  of 
\entral  plates,  eight  ( marginalia  excluded ) . 
Plates  in  collar,  nine  (the  five  median  ones 
largest;  outermost  pair  very  small).  Gular 
scales  in  straight  median  series,  14.  Fe- 
moral pores,  17/?.  Lamellae  under  4th 
toe,  27. 

Measurements.  Snout-vent,  38.5  mm. 
Tail:  SO  mm  (208''r  of  snout- vent  length). 
Head  (to  rear  border  of  ear):  11.5  mm. 
Foot:   12.5  mm. 

Coloration.  Dorsally,  no  discernible  pat- 
tern. W'ntrally,  most  scales  dark  with  a 
lighter  margin. 

Remarks.  This  lizard  was  collected  at 
the  same  locality  as  the  series  of  Laccrta 
trilineafa  media  reported  here,  but  differs 
markedly  from  all  specimens  (juveniles) 
of  that  series  in  pattern  and  proportions, 
and  (from  the  adult,  as  well)  in  pholidosis. 
The  single,  apparently  juvenile,  colorless 
specimen  cannot  be  identified  with  cer- 
tainty. The  participation  of  the  rostral  in 
the  nostril,  the  large  temporal  scales,  the 
large  5th  pair  of  submaxillary  plates,  and 
the  foot,  which  is  approximately  as  long 
(in  relation  to  the  head)  as  in  the  young 
L.  t.  media,  all  argue  for  relationship  with 
L.  .stri^ata.  However,  Peters  (1962:  135) 
does  not  know  of  any  L.  strigata  with  eight 
rows  of  ventral  plates,  and  juvenile  L. 
strigata  always  have  a  striped  pattern. 
Thus  our  specimens  appear  to  be  related 
to,  but  not  identical  with,  L.  strigata  Eich- 
wald.  (We  may  add  that  this  specimen  is 
certainly  not  similar  to  Laceiia  agilis 
hrevicaudata  from  Armenia,  judging  from 
its  description  by  G.  Peters  [1958].)  Fur- 
thermore, L.  .strigata  is  so  far  known  to  be 
sympatric  with  L.  /.  media  only  near  the 
northeastern  border  of  the  latter's  range 
(between  Lake  Urmia  [Rizaiyeh]  and  the 
Caspian),  while  the  locaHty  of  our  dubious 
specimen  (between  Lake  Urmia  and  the 
Tigris    River)    coincides    with    the    south- 


western frontier  of  L.  t.   media    (in  Iran; 
map,  Peters,  1962:   fig.  4). 

Acanfhodacfylus  boskianus  asper  (Audouin) 
Plate  8,  D 

Laceita  aspcra  Audouin,  1829,  Descr.  Egypte, 
Rept.,   Suppl.,  p.    173,  pi.   1,  fig.  9   (Egypt). 

Acanthodactylu.s  hoskiamis  \ar.  aspcr:  Lataste, 
1885,  Ann.  Mus.  Civ.  Stor.  Nat.,  Geneva,  (2)2 
(22):  496. 

Material  examined.  IRAQ  (1):  MCZ 
56642,  c5,  Station  K-3  near  Haditha. 
SAUDI  ARABIA  ( 1 ) :  MCZ  56643,  6  ,  be- 
tween AI-Gaisumah  and  Turaif. 

Fholidosis.  The  two  specimens  are  ex- 
tremely different.  In  the  one  from  Iraq 
the  dorsal  scales  are  rather  small  and 
feebly  keeled,  in  the  one  from  Saudi 
Arabia  thev-  are  large,  strongly  imbricate, 
mucronate,  and  strongly  keeled,  the  region 
of  relatively  large  scales  extending  for- 
wards nearly  to  the  pectoral  region.  Thus, 
scales  across  middle  of  back  for  both 
specimens:  44;  30.  Longitudinal  series  of 
ventral  plates:  10;  S.  (In  the  Arabian 
specimen  there  is  a  gradual  transition  from 
lateral  scales  to  ventral  plates,  which  makes 
the  distinction  somewhat  artificial).  Trans- 
verse series  of  ventral  plates:  27.  Plates  in 
collar:  10;  9.  Gular  scales  in  a  straight 
median  series:  24;  30.  Femoral  pores: 
23/22;  19/20.  Lamellae  under  4th  toe: 
22;  21. 

Measurements.  Iraq — Snout-vent:  59  mm. 
Tail:  124  mm.  Saudi  Arabia — Snout-vent: 
94  mm.    Tail:   190  mm. 

Coloration.  The  Iraq  specimen  is  typi- 
cally striped,  ^\'ith  about  eight  light  stripes 
broken  up  into  dots  in  their  anterior  parts 
(the  lateral  ones  more  so),  and  with 
roundish  light  spots  on  the  limbs.  The 
Arabian  specimen  is  uniform  brown,  the 
keels  forming  lighter  lines. 

Acanthodactylus  cantoris  blanfordi  Boulen- 
ger 

Acanthodactylus  cantoris  hlanfonli  Boulenger, 
1918,  Bull.  Soc.  Zool.  France,  4.3:  154  (Jask, 
Iranian   Baluchistan,   and   Bam,   Iran). 
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Material  examined.  WEST  PAKISTAN 
(2):  MCZ  54438-39,  Nag,  4000  ft..  75  mi. 
NE  of  Panjgur,  Baluchistan. 

Pholidosis.  Scales  across  the  middle  of 
the  back:  33;  40.  Longitudinal  series  of 
ventral  plates:  14;  12.  Transverse  series  of 
ventral  plates:  29;  30.  Plates  in  collar:  8; 
10.  Gular  scales  in  a  straight  median  series: 
31;  32.  Femoral  pores:  17/15;  17/?. 
Lamellae  under  4th  toe:  21/19;  23/23. 

Measurements.  Male  (MCZ  54438)  — 
Snout-vent:  60  mm.  Tail:  118  mm.  Female 
(MCZ  54439)— Snout- vent:  56  mm.  Tail: 
105  mm. 

Coloration.  Indications  of  light  strips  on 
pelvis  and  tail  base.  Back  of  female  with 
rows  of  dark  roundish  spots.  Hindlimb  of 
both  with  round  light  spots,  so  close  that 
only  a  reticulum  of  the  dark  ground  color 
remains. 

Acanfhodactylus  micropholis  Blanford 

Acanthodactyhis  micropholis  Blanford,  1874,  Ann. 
Mag.  Nat.  Hist,  (4)  14:  33  ( Magas,  Balu- 
chistan ) . 

Material  examined.  WEST  PAKISTAN 
(3):  MCZ  54434-35,  Saradoo,  28  mi.  S  of 
Panjgur,  Baluchistan,  27  March  1955.  MCZ 
54440,  Nag,  4000  ft.,  75  mi.  NE  of  Panjgur, 
Baluchistan,  30  March   1955. 

Pholido.sis.  First  supraocular  broken  up 
into  one  large  and  several  tiny  fragments. 
Scales  across  middle  of  back:  45;  39;  50. 
Longitudinal  rows  of  ventral  plates:  8. 
Transverse  rows  of  ventral  plates:  27;  29; 
30.  Plates  in  collar:  10;  10;  9.  Gular  scales 
in  a  straight  median  series:  33;  28;  31. 
Femoral  pores:  25  26;  24  22;  ?/?.  Lamellae 
under  4th  toe:   26/27;  24/23;  24/23. 

Measurements.  Largest  male  (MCZ 
54434)— Snout-vent,  60  mm.  Tail:  127 
mm.  Adpressed  hindlimb  reaches  eye.  A 
juvenile  (MCZ  54440)— Snout- vent,  40 
mm.    Tail,  74  mm. 

Coloration.  Dorsum  of  the  two  adult 
males  dark  grey-brown  with  about  ten 
indistinct,  interrupted,  narrow,  straw-white 
stripes,  which  become  more  striking  to- 
wards and  on  the  broad  base  of  the  tail. 


The  juvenile  has  eight  distinct  light  stripes 
from  occiput  to  near  the  pelvis,  where  they 
become  reduced  in  number.  Between  the 
two  lateralmost  stripes  (on  either  side) 
there  are  indications  of  another,  indistinct 
and  interrupted,  light  line.  In  all  speci- 
mens the  limbs  bear  roundish  light  flecks, 
and  on  the  sides  of  the  head  alternating 
light  and  dark  vertical  bars. 

Remarks.  The  number  of  longitudinal 
series  of  ventral  plates  falls  short  of  the 
normal  figure. 

Acanfhodactylus  scutellatus  hardy]  Haas 
PloteS,  A-C;  Plate  12,  A 

Acantliodactyhis  scutellatus  hardiji  Haas,  1957, 
Proc.  Calif.  Acad.  Sci.,  (4)  29  (3):  72  (Bir 
Hirmas  Station,  X  of  Tebuk,  Saudi  Arabia). 

Material  examined.  IRAQ  (3):  MCZ 
56650-52,  Lake  Habbaniya. 

Pholidusis.  Suture  between  internal 
nasals  very  short,  a  quarter,  at  most,  of 
the  length  of  the  frontonasal.  Fourth 
supraocular  broken  up  into  granules.  No 
enlarged  anterior  gulars  bordering  the 
chin  shields.  The  whole  pileus  is  only 
twice  as  long  as  broad,  and  in  MCZ  56650 
even  shorter.  Upper  labial  anterior  to 
center  of  eye,  5  (but  4 A5  in  MCZ  56652). 
Scales  across  middle  of  back:  about  53; 
55;  53.  Longitudinal  series  of  ventral 
plates:  12.  Transverse  series  of  ventral 
plates:  27;  28;  29.  Plates  in  collar:  9.  Gular 
scales  in  a  straight  median  series:  29;  28; 
26.  Femoral  pores:  19/20;  19/18;  21/?. 
Lamellae  under  4th  toe:  20  22;  20/19;  22. 

Measurements.  Male  (MCZ  56651)  — 
Snout-vent:  58  mm.  Female  (MCZ  56652) 
— Snout-vent:  56  mm.  Both  tails  broken. 
( MCZ  56650  is  badly  contorted. ) 

Coloration.  Hardly  discernible,  very  dark. 
Male  with  (or  with  a  remnant  of)  blackish 
reticulum  on  back.  Both  with  light  and 
dark  vertical  bars  on  sides  of  head. 

Remarks.  This  form  had  been  described 
on  the  basis  of  a  single  specimen  from  north 
of  Tebuk,  northwestern  Saudi  Arabia.  It  is 
both  gratifying  and  interesting  to  have 
these  extremely   similar  specimens    (meta- 
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t\pes)  from  a  locality  distant  more  than 
800  km  towards  the  northeast.  Further- 
more, Boiilenger's  specimen  from  Basra 
(1921,  1:  107,  last  among  "forma  tiipica') 
olniously  belongs  also  to  A.  s.  hardiji.  Cer- 
tain scale  counts  of  these  specimens  (in- 
cluding Houlenger's)  are  at  about  the  lower 
limit  of  the  range  for  A.  s.  scufcllafus  from 
southern  Israel  (N=20,  personal  obser- 
\ation ) :  the  number  of  scales  across  the 
middle  of  the  back,  longitudinal  rows  of 
\entral  plates,  plates  in  collar,  gular  scales, 
and  lamellae  under  4th  toe.  The  number 
of  transverse  rows  of  ventral  plates  does 
not  e\en  o\erlap  (with  the  samples  at 
hand):  A.  s.  hardiji  (N=4),  27-29;  A.  s. 
scuteUatus  (N=20),  32-36.  The  number  of 
femoral  pores  is  the  same  in  both  fornis. 

Acanthodactylus  tristrami  iracensis  Schmidt 
Plate  9;  Plate  12,  B 

Acanthodactylus  tristrami  iracensis  Schmidt,  1939, 
Field  Mus.  Nat.  Hist.,  Zool.  Ser.,  24  (7):  60-62. 

Material  examined.  IRAQ  (4):  MCZ 
5665.3-54,  6  i ,  56657-58,  9  2 ,  Station  K-3, 
near  Haditha  on  the  Euphrates. 

Pholidosis.  Scales  across  middle  of  back: 
47;  43;  50;  43.  Longitudinal  rows  of  ven- 
tral plates:  10.  Transverse  rows  of  ventral 
plates:  26;  28;  29;  27.  Plates  in  collar:  9; 
10;  10;  10.  Gular  scales  in  straight  median 
series:  27;  25;  25;  26.  Femoral  pores: 
21/22;  23/22;  19;  20/21.  Lamellae  under 
4th  toe:  23;  22;  23;  23. 

Measurements.  Largest  male  (MCZ 
56653) — Snout-vent:  57  mm.  Tail:  82  mm. 
Both  females — Snout- vent:  56  mm.  Tails 
incomplete. 

Coloration.  Ground  color  grey.  Vermi- 
form blackish  crossbars,  irregularly  inter- 
rupted or  confluent,  contain  whitish  round 
spots,  each  about  three  scales  in  diameter. 
These  white  spots  are  arranged  in  up  to  10 
longitudinal  rows.  Side  of  head  with  a 
dark  vertical  bar  through  eye,  and  blackish 
spots  in  temporal  area.  Limbs  and  tail 
mottled  grey,  blackish,  and  white  (dor- 
sally).    All  underparts   straw -white. 


Acanthodactylus   cf.    tristrami   orientalis 
Angel 

ArautJiodactylus  tristrami  orientalis  Angel,  1936, 
Bull.  Inst.  Egypte,  18:  109-110  (Syria:  Pal- 
myra, Tell  Abiad,  Ain  Zahra,  Deir-ez-Zor). 

Material  examined.  SYRIA  (4):  MCZ 
56660-63,  10  mi.  E  of  Station  T-1. 

Pholidosis.  Three  supraoculars,  the  first 
broken  up  into  two  units  in  MCZ  56663, 
and  into  four  in  MCZ  56662.  The  keeled 
subocular  enters  the  mouth  behind  the 
fourth  upper  labial.  Scales  across  middle 
of  back:  47;  44;  52;  46.  Longitudinal  series 
of  ventral  plates:  10.  Transverse  series  of 
ventral  plates:  31;  30;  28;  26.  Plates  in 
collar:  10.  Gular  scales  in  a  straight  median 
series:  29;  26;  33;  26.  Femoral  pores:  22; 
20;  23;  21.  Lamellae  under  4th  toe:  24;  24; 
23;  19.  Scales  covering  fingers  in  three 
rows. 

Measurements  (Largest  male,  MCZ 
56662).  Snout-vent:  63  mm.  Tail:  86  mm. 
Neck  narrower  than  head.  Adpressed  hind- 
limb  reaching  between  shoulder  and  ear. 

Coloration.  Rather  dark.  Discernible  are 
light  round  spots,  enmeshed  in  a  coarse 
blackish  reticulum  which  tends  to  form 
irregular,  obHque,  transverse  blotches.  The 
light  spots  form  longitudinal  rows. 

Remarks.  If  these  specimens  belong  to 
A.  tristrami,  they  certainly  represent 
Angel's  subspecies  orientalis.  However, 
certain  details  are  not  in  agreement  with 
this  determination:  the  neck  is  not  broad 
enougli  for  that  stout  species;  the  first 
supraocular  is,  on  the  whole,  not  suffi- 
ciently broken  up;  the  pectination  of  the 
4th  toe  is  better  developed  posteriorly  than 
anteriorly.  According  to  Boulenger's  ( 1921 ) 
key,  these  characters  point  to  Acantho- 
dactylus micropholis  Blanford,  which 
moreo\er,  has  scale  counts  to  rather  similar 
to  those  of  tri.<itrami  (see  also  Minton, 
1966:  108,  111),  but  has  never  been  re- 
corded west  of  southeastern  Iran.  On  the 
other  hand,  the  length  of  limbs  and  tail  and 
the  pattern  agree  better  with  those  of 
tristrami  than  with  those  of  micropholis, 
and  the  same  is  true  of  the  arrangement  of 
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the  prcanal  plates.  Angel's  (1936)  short 
description  of  A.  t.  oricntalis  contains  no 
information  on  the  dubions  points  raised 
here.  Thus  apparently  our  specimens  in- 
deed belong  to  the  same  population  as 
Angel's,  whatever  their  real  affinities  may 
be. 

Acanfhodacfylus  robustus  (F.)  Werner 
Plate  10;  Plate  12,  C 

Acanfhodactylus  robustus  Werner,  1929,  Zool. 
Anz.,  81  (7/10):  240-242,  fig.  2  (Syrian  Desert 
at  Bir  Molusi  [Meloza],  [Qaara  Depression] 
between  Damaseus  and  Bashdad). 

Material  examined.  SYRIA  (3):  MCZ 
56645,  9,  from  Qariatein  to  IPC  Pipeline; 
MCZ  56648,  9,  and  56649,  i,  20  mi.  N  of 
Station  T-2. 

Pholidosis.  Three  supraoculars,  the  first 
broken  up  into  one  large  and  a  few  minute 
fragments.  Subocular  separated  from  mouth 
by  the  5th  (or  5th  and  6th)  supralabials. 
Upper  temporals,  a  large  one  succeeded  by 
a  small  one.  Scales  across  middle  of  back: 
56;  57;  55.  Longitudinal  series  of  ventral 
plates:  10.  Transverse  series  of  ventral 
plates:  28;  29;  27.  Plates  in  collar:  8;  9; 
10.  Gular  scales  in  a  straight  median 
series:  31;  26;  27.  Femoral  pores:  21/20; 
19/22;  27/29.  Lamellae  under  4th  toe: 
21/23;   18/19;  23/25. 

Measurements.  Male — Snout-vent:  69 
mm.  Tail:  49+5  mm.  Larger  female  (MCZ 
56648) — Snout-vent:  66  mm.   Tail:  66  mm. 

Coloration.  MCZ  56648  resembles  the 
photograph,  evidently  also  a  female,  given 
by  F.  Werner.  In  the  male  there  is  a  ten- 
dency for  the  light  spots,  on  both  back  and 
tail,  to  form  light  crossbands.  This  ten- 
dency is  carried  further  in  the  other  female 
(MCZ  56645),  where  the  tail  has  dorsal 
semi-regular  crossbands. 

Remarks.  F.  Werner,  in  his  description, 
states  that  the  closest  relationship  of  A. 
robustus  is  with  A.  p-andis  (Werner,  1929: 
240).  As  a  matter  of  fact,  robustus  differs 
greatly  from  grandis  in  its  habitus  and  pro- 
portions, as  well  as  in  the  arrangement 
(not  merely  the  number)   of  ventral  plate 


rows.  The  apparent  relation  to  grandis 
follows  from  the  use  of  Boulenger's  key 
(1921),  which  is  based  on  superficial 
characters. 

Acanfhodacfylus  grandis  Boulenger 
Plate  11;  Plate  12,  D 

Acanthodactijlus  grandis  Boulenger,  1909,  Ann. 
Mag.  Nat."  Hist.,  4  (8):  189  (Jerud  and  Ataiba, 
Syria ) . 

Material  examined.  SYRIA  (2):  MCZ 
56644,  5,  from  Qariatein  to  IPC  Pipeline; 
MCZ  56647,  2,  3  mi.  NW  of  Station  T-2, 
11  March  1950. 

Fholidosis.  Scales  across  middle  of  back: 
55;  57.  Longitudinal  series  of  ventral  plates: 
14.  Transverse  series  of  ventral  plates:  30. 
Plates  in  collar:  11.  Gular  scales  in  a 
straight  median  series:  28;  29.  Femoral 
pores:  22;  18/16.  Lamellae  under  4th  toe: 
21/23;  21. 

Measurements.  Male — Snout- vent:  65 
mm.  Female — Snout-vent:  87  mm.  Both 
tails  broken. 

Coloration.  The  male  shows  no  discern- 
ible pattern,  but  the  female  has  at  least 
eight  longitudinal  rows  of  dark  round  spots, 
five  to  seven  scales  in  diameter. 

Remarks.  The  large  female  is  not  of 
maximimi   size    (Boulenger,   1921:    115). 

Ophisops  elegans  sspp. 
Tables  2,  3;  Figure  5 

Ophisops  elegans  Menetries,  1832,  Cat.  Rais.  Obj. 

Zool.  .  .  .  Voy.  Caucase  .  .  .  ,  p. 63  (near  Baku, 

Transcaucasus,  U.  S.  S.  R.). 
Ophisops    elegans    ^'arieties     typica,     ehrenhergii, 

mizolcpis,      and      pcrsicus,      Boulenger,      1921, 

Monograpli  of  the  Lacertidae,  Vol.  2,   London, 

pp.  211-222. 
Ophi.sops  elegans  elegans  Lantz,  1931,  Bull.  Mus. 

Ceorgie,  Tiflis,  6:    34. 
Ophisops    hianfordi    Schmidt,    1939,    Field    Mus. 

Nat.  Hist.,  Zool.  Ser.,  24   (7):   64-65  (Halfaya, 

20  mi.  E  of  Amara,  Iraq). 

Material  examined.  IRAQ  (52):  MCZ 
56672-80,  56682-91,  Kish  area;  MCZ  56681, 
Afaq;  MCZ  56809-28  (and  12  unnumbered 
specimens),  probablv  from  Kish  area. 
IRAN  (93):  MCZ  56692,  Mazuo;  MCZ 
56694-56748,  Shalgahi;  MCZ  56749,  Mahor 
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Figure  5.  Variation  in  the  number  of  scales  around  the  middle  of  the  body  in  population  of  Ophisops  elegans.  The  hatching, 
in  any  direction,  denotes  the  presence  of  two  postnasals  (oi  each  side),  whereas  the  stippling  denotes  the  presence  of  a 
single  postnasal   (on  one  or  both  sides). 

A,  Iraq;     Kish  area  and  Afaq. 

B,  Iraq,"  probably  Kish  area. 

C,  Iran:     Shalgahi. 

D,  Iran:     Dorud   and    Mazuo — vertical    hatching;    Zagheh — horizontal    hatching;    Mahor    Birinji — diagonal    fiatching. 
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Table  2.    Variation'  ix  scale  counts  ix  Ophisops  elegans  sspp. 
(N  :=  number  of  specimens,  O.R.  =:  observed  range,  M  =  mean,  S.D.  =  standard  deviation.) 


Material 

Scales  around 
middle  of  body 

Femoral  pores 

Lamellae  under 
4th  toe 

Post- 
nasals 

Locality 

X 

O.R. 

M 

S.D. 

O.R. 

M 

S.D. 

O.R. 

M 

S.D. 

Iraq 

Kish  area 

19 

29-33 

31.1 

1.15 

10-12 

11.3 

0.24 

23-27 

25.1 

1.29 

1 

Afaq 

1 

33 

12 

23 

1 

"Iraq," 
probably 
Kish  area 

32 

29-36 

32.2 

1.72 

9-12 

10.9 

0.28 

22-27 

24.3 

1.31 

1-2 

Iran 

Shalgalii 

55 

32-38 

34.3 

1.47 

10-14 

11.3 

0.28 

22-27 

24.8 

1.24 

1 

Mazuo 

1 

32 

11 

24 

2 

Mahor  Birinji 

1 

27 

10 

23 

2 

Zaijheh 

8 

31-35 

33.8 

1.28 

10-13 

11.3 

0.30 

23-26 

24.1 

0.31 

2 

Dorud 

28 

30-37 

33.8 

1.68 

9-14 

11.6 

1.06 

22-26 

23.8 

1.09 

2 

Birinji;     MCZ     56750-57,     Zagheh;     MCZ 
56758-60,  56752-68,  56770-87,  Dorud. 

PJwlidosis.  The  number  of  postnasals 
varies  as  follows.  All  sj^ecimens  from  the 
Kish  area  and  the  relatively  nearby  Afaq, 
as  well  as  all  specimens  from  Shalgahi  in 
Iran,  have  one  postnasal.  All  remaining 
specimens  from  Iran  (Mazuo,  Mahor  Bir- 
inji, Zagheh,  Dorud)  ha\e  two  postnasals 
(on  each  side),  with  the  exception  of  a 
single  specimen  (MCZ  56756),  which  has 
only  one  very  small  postnasal  on  each  side. 
The  series  marked  only  "Iraq,'  but  prob- 
ably from  the  Kish  area,  includes  22  speci- 


mens with  two  postnasals,  four  with  a 
single  postnasal,  and  six  that  are  asym- 
metrical in  this  respect.  The  occipital  is 
small,  or  very  small,  in  all  specimens  from 
Iraq,  and  also  in  those  from  Shalgahi,  with 
the  exception  of  one  (MCZ  56734),  which 
has  a  relatively  large  occipital  and  an  ad- 
ditional interparietal.  The  specimens  from 
Mazuo,  Mahor  Birinji,  Zagheh,  and  Dorud 
have  a  relatively  broad  occipital.  Pertinent 
meristic  characters  arc  summarized  in 
Tables  2  and  3. 

Measurements.   Specimens  from  the  Kish 
area,  Afaq,  and  Shalgahi  reach  48-50  mm 


Table  3.   Variatiox  ix  the  extext  of  the  vertebral  line  ix  Ophisops  elegans  sspp. 


Number  of 

specimens 

Material 

Without 

With  a  vertebral  line  from 

occiput  to 

Locality 

N 

line 

Occiput 

Shoulder 

Midbody 

Pelvis 

Tail  base 

Iran 

Kish  area 

19 

12 

4 

3 

0 

0 

0 

Afaq 

1 

0 

1 

0 

0 

0 

0 

"Iraq,"  probably 

Kish  area 

32 

5 

5 

11 

7 

4 

0 

Iraq 

Shalgahi 

55 

20 

20 

14 

1 

0 

0 

Mazuo 

1 

1 

0 

0 

0 

0 

0 

Mahor  Birinji 

1 

0 

1 

0 

0 

0 

0 

Zagheh 

8 

1 

4 

3 

0 

0 

0 

Dorud 

28 

19 

9 

0 

0 

0 

0 
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(except  for  one  specimen  of  53  mm)  in 
snout-\ent  length;  the  remaining  specimens 
from  Iran  reach  52-54  mm;  in  the  series 
marked  "Iraq,"  probably  from  the  Kish 
area,  the  largest  specimens  are  47-48  mm. 

Coloration.  Tlie  degree  of  development 
of  the  dark  \ertebral  line,  \\'hich  in  Jordan 
facilitates  distinction  between  O.  elegans 
sspp.  and  O.  hianfordi  Schmidt  (being  well 
developed  only  in  the  latter  [Y.  L.  Werner, 
in  MS]),  is  very  \ariable  in  the  present 
material.  In  the  series  from  most  localities 
it  is  little  developed,  so  that  in  most  speci- 
mens it  is  absent  or  present  only  as  a  short 
(occipital)  line,  not  reaching  the  shoulders. 
It  is  somewhat  better  developed  in  the 
series  from  Shalgahi,  reaching  the  shoulder 
in  several  specimens.  It  is  best  developed 
in  the  series  labeled  "Iraq"  (probably  from 
the  Kish  area),  even  reaching  the  pelvis 
in  some  specimens.  The  details  of  this 
variation  are  presented  in  Tables  2  and  3. 

Rcnuirks.  Ophisops  elegans  (sensu  Into) 
comprises  a  group  of  fonns  well  known  for 
the  taxonomic  difficulties  posed  by  its 
variation.  It  appears  that  some  of  the 
salient  variable  characters  present  their 
own  independent  geographic  variation,  so 
that  the  \arious  characters  formerly  used 
to  distinguish  any  subspecies  do  not  neces- 
sarily coincide  geographicalh'.  Thus  our 
specimens  from  the  Kish  area  (and  Afaq) 
correspond  in  their  single  postnasal,  small 
occipital,  and  number  of  scale  rows  to  Bou- 
lenger's  variety  mizolcpis,  which  was  re- 
described  by  Schmidt  as  Ophisops  hian- 
fordi. But  the  animals  from  Shalgahi,  also 
\\  ith  a  single  postnasal  and  a  small  occip- 
ital, have  higher  counts  of  scale  rows. 
The  specimens  from  Mazuo,  Mahor  Bir- 
inji,  Zagheh,  and  Dorud  resemble  Boulen- 
ger's  \'ariety  persicus  ( s\non>mized  with 
O.  e.  elegans  by  Lantz)  in  most  respects, 
including  the  relatively  broad  occipital, 
but  have  a  somewhat  higher  count  of 
femoral  pores.  Of  special  interest  are  the 
32  specimens  that  unfortunately  are  labeled 
only  "Iraq,"  but  that  are  probably  from  the 
Kish  area,  and  that  vary  in  the  number  of 


postnasals.  The  high  percentage  of  asym- 
metrical specimens  tends  to  confinn  that 
this  is  indeed  a  series  of  either  transitory 
or  hybrid  nature  (and  not  mixed  from  dif- 
ferent localities ) .  The  remaining  characters 
place  this  series  between  Schmidt's  O.  hian- 
fordi and  Boulenger's  variety  ehrenhergi, 
which  was  svnonvmized  bv  Lantz  v\'ith  O. 
e.  elegans.  But  for  the  element  of  uncer- 
tainty introduced  b\'  the  absence  of  an 
exact  locality,  this  would  be  a  demonstra- 
tion of  intergradation  between  O.  hianfordi 
and  O.  elegans,  which,  according  to 
Schmidt  (1939:  65),  would  reduce  O. 
hianfordi  to  subspecific  rank. 

Eremias  guffulafa  guffulata  (Lichtenstein) 
Table  4;  Figures  6,  A;  7,  A 

Lacerta  guttulata  Lichtenstein,  1823,  Verz.  Duubl. 

Mus.  Berlin,  p.  101   (Egypt). 
Eremias  guttulata:   A.   Smith,    1845,   111.   Zool.    S. 

.\fr.,  Kept.,  pi.  48,  fig.  8. 
Eremias  guttulata  forma  typica:  Boulenger,   1921, 

Monograph  of  the  Lacertidae,  Vol.  2,  London, 

p.  258. 
Eremias     guttulata     guttulata:     Wettstein,     1928, 

Sitzungsber.  Akad.   Wiss.  Wien,   Math.-Xaturw. 

Kl.,  Abt.   1,   137    (10):   782. 

Material  examined.  IRAQ  (4):  MCZ 
56630-32,  Station  K-3,  near  Haditha;  MCZ 
56633,  Qaara  Depression  (NW  of  Station 
H-2).  SAUDI  AR.\BIA  (7):  MCZ  56634- 
39,  56641,  between  Al-Gaisumah  and 
Turaif  on  Tapline. 

Pholidosis.  Invariably  four  upper  labials 
in  front  of  the  subocular  and  four  more 
behind  it  ( the  same  is  true  of  specimens 
from  southern  Israel — personal  observa- 
tion). In  comparison  with  specimens  of 
E.  g.  guttulata  from  Israel,  all  specimens 
have  the  pileus  rather  flattened,  owing  to 
the  much  reduced  elevation  of  the  eyes 
and,  especially,  the  nostrils;  the  caudal 
scales  are  very  strongh'  carinated.  The 
variation  of  meristic  characters  is  sum- 
marized in  Table  4. 

Measurements  (largest  specimen,  MCZ 
56635).  Snout- vent:  53  mm.  Almost  all 
others  are  between  48  and  50  mm. 

Coloration.   All  specimens  have  a  rather 
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DORSAL     SCALES 

Figure  6.  Variation  in  the  number  of  scales  across  the  middle 
of  the  back  in  subspecies  of  Erem\a%  guttulata. 

A,  E.  g.  guttulata:     Iraq — black;  Saudi  Arabia — stippled. 

B,  E.   g.  wationano:     Iran — stippled;    Iran — 25  specimens 

from  S.  C.  Anderson,   1963 — white;  West  Pakistan- 
black. 

indistinct  pattern  of  ocelli,  which,  perhaps, 
is  not  an  artifact  of  preservation.  There  is 
a  tendency  for  the  dark  margin  to  be  ac- 
centuated on  both  lateral  sides  of  each 
light  spot. 

Eremios  guttulata  watsonana  Stoliczka 
Table  4;  Figures  6,  B;  7,  B 

Eremios  (Mesalina)  watsonana  Stoliczka,  1872, 
Proc.  Asiat.  Soc.  Bengal,  p.  86  ( Sind,  between 
Karachi  and  Sukkur). 

Eremios  guttulata  watsonana:  Smith,  1935,  Fauna 
Brit.  India,  Kept.  Amphib.,  2:    389. 

Material  examined.  IRAN  (9):  MCZ 
56607,  56609,  56616,  56619-20,  56626-29, 
Mahor  Birinji.  WEST  PAKISTAN  (2): 
MCZ  .544.36,  6 ,  Saradoo,  28  mi.  S.  of  Panj- 
gur,    Baluchistan,    27    March    1955;    MCZ 
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Figure  7.     Variation    in   the  number  of  femoral    pores  in   sub- 
species of  Eremias  guttulata. 

A,  E.  g.  gutfulata:     Iraq — black;  Saudi  Arabia — stippled. 

B,  £.    g.   wotsonono:     Iran — stippled;    Iran — 25  specimens 

from  S.   C.  Anderson,    1963 — white;  West  Pakistan — 
black. 

.54437,    6,   Nag,   4000   ft.,    75   mi.    NE    of 
Panjgur,  Baluchistan,  30  March  1955. 

Pholidosis.  In  all  cases,  four  upper 
labials  in  front  of  the  subocular,  and  only- 
three  behind  it.  In  three  specimens  there 
are  two  successive  occipitals  behind  the 
interparietal  (MCZ  56607,  56627-28).  In 
both  specimens  from  West  Pakistan,  tlie 
w  indow  in  the  lower  eyelid  is  formed  by 
t\\o  large  scales   (the  vertical  seam  in  be- 


tween being  black),  beneath  which  are 
several  smaller  scales.  In  the  specimens 
from  Mahor  Birinji,  the  scales  of  the  win- 
dow are  somewhat  variable.  The  \ariation 
of  meristic  characters  is  summarized  in 
Table  4. 

Measurements.  Two  largest  specimens 
from  Iran — Snout-vent:  57  mm,  58  mm 
(se\eral  others  measure  54-55  mm).  Two 
specimens  from  West  Pakistan — Snout- 
vent:  45  mm,  44  mm. 

Coloration.    Quite  indistinguishable. 

Remarks.  Smith  (1935:  389-90)  re- 
established the  subspecies  icatsonana,  in 
contradistinction  with  Boulenger  (1921,  2: 
258),  who  had  united  it  with  his  forma 
t [I pica.  Our  specimens  are  listed  under 
watsonana,  in  spite  of  certain  deviations, 
mainly  on  account  of  the  very  distinct  and 
completely  free  collar.  The  same  course  has 
been  generally  adopted  by  recent  authors. 
According  to  S.  C.  Anderson  (1963:  460), 
"...  watsonana  is  known  from  Iran, 
Afghanistan,  West  Pakistan,  and  northwest 
India";  according  to  Minton  (1966:  110), 
"...  watsonana  occurs  from  Rajputana  to 
southern  Afghanistan  and  westward  to 
Syria  and  northern  Arabia,  intergrading 
w  ith  the  nominate  race  around  the  northern 
end  of  the  Red  Sea."  Since  we  have  the 
impression  that  there  is  a  gradual  cline,  in 
several  respects,  from  east  to  west,  such 
that  specimens  from  western  Iran  (includ- 
ing those  listed  here),  Iraq,  and  Jordan  are 
more  or  less  intermediate  between  the  two 
forms,  we  preferred  to  follow  the  con- 
\ention  of  regarding  the  more  western 
populations  as  belonging  to  E.  g.  guttulata. 

Eremias  olivieri  ssp. 

Lacerta  olivieri  Audonin,  1829,  Descr.  Egypte, 
Rept.,  Suppl.,  p.  175,  pi.  2,  fig.  1  (Egypt,  Sinai, 
or   Palestine — Haas,    1951b:    275). 

Eremias  olivieri:  Haas,  1951,  Copeia,  1951  (4): 
274-276. 

Material  examined.  SAUDI  ARABIA 
(1):  MCZ  56640,  between  Al-Gaisumah 
and  Turaif  on  Tapline. 

Pholidosis.  Scales  across  the  middle  of 
the  back,  40.  Longitudinal  series  of  ventral 
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plates,  10.  Transverse  series  of  ventral 
plates,  31.  Plates  in  collar,  12.  Gular 
scales  in  straight  median  series,  30.  Fem- 
oral pores,  13  14.  Lamellae  under  4th 
toe,  21.  On  one  side,  four  upper  labials 
preceding  the  subocular  (which  enters  the 
mouth),  on  the  other,  five.  On  either  side, 
four  upper  labials  behind  the  subocular. 
Scales  under  the  basal  portion  of  the  tail 
(the  distal  portion  is  missing)  convex  or 
bluntly  keeled. 

Measurements.    Snout-vent:  44  mm. 

Coloration.  A  distinct  impression  of  a 
longitudinal  striping  is  created  by  a  pair 
of  dorsolateral  longitudinal  rows  of  light 
spots  (each  about  4  scales  in  diameter), 
each  of  which  is  bordered  along  its  medial 
side  by  a  blackish  longitudinal  line,  about 
five  scales  long  (and  1  broad).  On  either 
side  of  this  pair  of  bicolored  interrupted 
bands  are  small  scattered  ocelli,  and  less 
distinct  ocelli  are  in  evidence  dorsally, 
between  the  two  bands.  Along  each  flank 
runs  a  light  band  (starting  at  the  sub- 
ocular), two  to  three  scales  broad,  and  one 
scale  removed  from  the  lateral  series  of 
ventral  plates. 

Remarks.  Haas  (1951b)  discussed  the 
independent  status  of  Eremias  olivieri  and 
defined  it  as  a  species.  It  is  not  possible  to 
determine  our  single  specimen  at  the  sub- 
specific  level.  That  this  specimen  was 
collected  in  the  same  general  locality  as 
the  series  of  E.  guttulata  guttulata  shows 
that  apparently  in  northwestern  Arabia,  as 
in  certain  areas  of  southern  Israel,  the  two 
may  be  sympatric  (Haas,  1951b).  E. 
olivieri  has  been  collected  in  Jordan  ( Haas, 
1951a),  but  apparently  has  not  so  far  been 
identified  from  Iraq  (Khalaf,  1959)  or 
Arabia. 


Eremias  brevirosfris  brevirostris  (Blanford) 
Table    4;    Figures    8-12;    Plates    13-15, 
Plate  18,  C-F 

Mesalina  brevirostris  Blanford,  1874,  Ann.  Mag. 
Nat.  Hist,  (4)  14:  32  ( Kalabagh,  Punjab,  and 
Tumb  Island,  Persian  Gulf — restricted  to  Kala- 
bagh by  Schmidt,   1939:   66). 

Eremias  l)revirostris:  Boulenger,  1887,  Cat.  Liz- 
ards Brit.  Mus.,  3:   87. 

Eremias  brevirostris  forma  ttjpica:  Angel,  1936, 
Bull.   Inst.   Egypte,    18:    11 1-1 12. 

Material  examined.  SYRIA  (3):  MCZ 
56586,  from  Qariatein  to  IPC  Pipehne; 
MCZ  56586,  Wadi  Sukhura  near  Jebel  Ab- 
dul Aziz;  MCZ  56587,  20  mi.  N  of  Station 
T-2.  IRAQ  (13):  MCZ  56588-92,  Lake 
Habbaniva;  MCZ  56593,  Afaq;  MCZ  56621- 
23,  Qaara  Depression  N  of  Rutba.  SAUDI 
ARABIA  (20):  MCZ  56565-84,  between 
Al-Gaisumah  and  Turaif  on  Tapline.  BAH- 
RAIN ISLAND:  MCZ  54441,  6  mi.  S  of 
Zallaq,  21  March  1955.  WEST  PAKISTAN: 
MCZ  54442,  Pasni,  Baluchistan. 

Fholidosis.  The  arrangement  of  the  up- 
per labials  and  their  relation  to  the  sub- 
ocular varies  as  follows.  Syria:  the  sub- 
ocular enters  the  mouth  in  one  case  (MCZ 
56586— behind  the  4th  labial  on  the  left 
side,  behind  the  3rd  on  the  right);  in  two 
cases  it  is  separated  from  the  mouth  ( MCZ 
.56585— by  the  5th  labial;  MCZ  56587— 
by  the  small  5th  and  6th  labials).  Iraq: 
the  subocular  enters  the  mouth  in  only 
three  cases  (MCZ  56592-93,  56622)— al- 
ways behind  the  4th  labial;  it  is  separated 
from  the  mouth  in  nine  cases  —  in  seven 
of  these  by  the  5th  labial  ( MCZ  56588-89, 
56621,  56623-25,  56655);  in  one  case  asym- 
metrically by  the  5/6th  labial  (MCZ 
56591 ) ;  in  one  case  svinmetrically  by  the 
small  6th  and  7th  labials  (MCZ  56590). 
One  specimen  (MCZ  56656)  is  asym- 
metrical in  that  the  subocular  enters  the 


-> 


Figure  8.     tremia%  breviroilrii  sspp.     Head,  dorsal  view,  of: 

A,  E.  b.  Heidi  subspec.  nov.,  MCZ  56617,    r5  ,  type,  from  Iran  (Malior  Blrin|i). 

B,  E.  b.  cf.  brevirostrii,  MCZ  56570,  from  Arabia  (between  Al-Gaisumah  and  Turaif). 

C,  E.   b.   cf.   m/cro/ep/s,   HUJ-R  6183,   from  Jordan    (Amman — Cfiissa).     Scale   bars:   5   mm. 


Arabian  Lizards  and  Snakes  •  Ihuis  and  Werner         353 


B 


A 


354  Bulletin  Miiscuut   of  Comparative  Zoology,  Vol.   138,   No.  6 


H 


B 


Arabian  Lizards  and  Snakes  •  Haas  attd  Werner         355 


to 

Z 

UJ 

LU 
Q. 
I/) 


30 


35 


40 


-1 1 1 r- 

50 


B 


•.■.•■^•■Viyi'i'i\'t'i'---.--l-: ■•■'••■'j'i'i'r'i't'l'i'i 


30 


35 


40 


-I 1 r- 


45  50 

DORSAL      SCALES 


Figure  10.    Variation  in  the  number  of  scales  across  the  middle  of  the  back  in  subspecies  of  frem;os  brevirostrls. 

A,  E.  b.  brevirostris:    Syria — black;   Iraq — stippled. 

B,  E.  b.  cf.  brevirostris  from  Arabia. 

C,  E.  b.  fieldi  subspec.  nov.  from  Iran  (Mahor  Birinji  and  Gotwand). 


mouth  on  the  left  side  (behind  the  5th 
labial),  but  not  on  the  right,  where  it  is 
separated  from  the  mouth  bv  the  5th 
labial  (MCZ  56656). 

Measurements.  Snout-vent  lengths  of  the 
largest  specimens  from  the  \arious  locali- 


565S6).  Iraq:  Lake  Habbaniva,  60  mm 
( MCZ  56592  j ;  Afaq,  53  mm  ( MCZ  56593 ) ; 
all  five  specimens  from  Station  K-3  near 
ILiditha:  50-52  mm;  Qaara  Depression, 
48  mm  (MCZ  56624).  Saudi  Arabia:  48 
mm   (MCZ  56572).    West  Pakistan:  both 


ties  are  as  follows.    Syria:  50  mm    (MCZ      40-42  mm  (contorted).    (For  comparison, 


Figure  9.     Eremias  brevirostris  sspp.     Head,   lateral  aspect,  of: 

A,  E.  b.  fieldi  subspec.  nov.,  MCZ  56610,    6  ,  paratype,  from   Iran  (Mahor  Birinji). 

B,  E.  fa.  cf.  farev/rostr/s,  MCZ  56570,  from  Arabia  (between  Al-Gaisumah  and  Turaif). 

C,  E.  b.  cf.  microlepis,  HUJ-R  6183,  from  Jordan   (Amman — Chissa).     Scale  bars:    10  mm. 
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the  largest  of  the  types  listed  by  Boulenger 
[1921]  from  Kalabagh  was  44  mm;  on  the 
other  hand,  specimens  from  Transjordan 
[Jordan]  reach  57  mm  [HUJ-R  1229].) 

Coloration.  In  most  of  the  specimens  the 
pattern  is  not  well  preserved.  Nevertheless 
it  is  evident  that  the  basic  pattern  of  ocelli 
is  very  variable.  Thus  in  MCZ  56656  there 
are  four  regular  longitudinal  rows  of  ocelli, 
each  with  a  light  center  about  three  scales 
wide,  and  a  dark  margin  two  to  three 
scales  broad.  The  margin  of  each  light  spot 
is  particularly  well  developed  cranially  and 
caudally,  so  that  there  is  a  tendency  for 
the  formation  of  longitudinal  dark  chains. 
In  other  specimens  (e.g.,  MCZ  56592)  the 
light  spots  are  not  so  regularly  disposed, 
and  the  black  margin  is  better  developed 
on  both  lateral  sides  of  each  Hght  spot.  The 
two  specimens  from  West  Pakistan  are 
rather  Hght  colored,  with  only  a  pair  of 
delicate  dark  dots  flanking  each  white 
spot  on  its  lateral  sides. 

Remarks.  Ercmias  hrcvirostris  ranges 
from  Syria  to  northwestern  India.  Con- 
siderable geographic  variation  is  evident 
in  our  material  (Table  5).  There  seem  to 
be  sufficient  grounds  for  considering  our 
material  from  Iran  as  a  distinct  subspecies 
(see  Eremias  hrcvirostris  fieldi  subsp. 
nov. ).  Specimens  from  Arabia  probably 
also  represent  a  distinct  population,  char- 
acterized by,  among  other  things,  a  very 
pointed  snout  and  a  tendency  for  a  higher 
number  of  upper  labials.  However,  our 
series  is  too  variable  for  the  formal  defini- 
tion of  a  distinct  subspecies. 

Blanford's  types  were  from  Kalabagh 
(Punjab)  and  Tumb  Island  (Persian 
Gulf);  Schmidt  (1939:  66)  restricted  the 
type  locality  to  Kalabagh.  Counts  of  Blan- 
ford's four  types,  from  Boulenger  (1921), 
are  appended  to  our  Table  5,  for  compari- 
son. Our  specimens  from  West  Pakistan, 
both  in  bad  condition,  resemble  Boulen- 
ger's  (1921)  specimen  from  Dasht  (Balu- 
chistan). Counts  of  all  three  accord  fairly 
well  with  those  of  the  types.  In  our  Paki- 
stan specimens   the   snout  is  pointed,   the 


nostril  not  swollen,  the  naris  a  horizontal 
slit  between  the  two  larger  nasals  (out  of 
three)    and  hardly  visible. 

The  specimens  from  Irac^  are  not  dis- 
tinguishable on  the  basis  of  scale  counts 
from  the  typical  population  of  the  Punjab 
and  West  Pakistan;  unless  geographical 
discontinuity  be  proved,  they  may  be  re- 
garded as  belonging  to  the  typical  sub- 
species. Head  shape  in  the  Iraq  specimens, 
however,  varies  considerably.  In  the  single 
specimen  from  Afaq  the  head  is  flat,  the 
nostrils  very  moderately  elevated.  In  speci- 
mens from  Lake  Habbaniya  the  head  is 
blunt  and  wedge-shaped,  with  swollen 
nostrils.  The  head  is  higher  than  in  speci- 
mens from  Jordan  (in  the  Hebrew  Uni- 
versity collection);  its  plates  are  smooth, 
not  rugose  as  in  those  from  Jordan.  Speci- 
mens from  the  Qaara  Depression  (north  of 
Rutba  in  western  Iraq)  resemble  those 
from  Jordan,  but  are  smaller  (see  measure- 
ments ) . 

The  three  specimens  from  eastern  Syria, 
like  those  from  Iraq,  appear  assignable  to 
E.  b.  brevirostris.  Angel  (1936),  too,  while 
describing  E.  b.  microlepis  from  Haouarine 
(between  Homs  and  Qariatein),  assigned 
Syrian  specimens  from  Palmyra  and  north- 
wards to  the  typical  form. 

Eremias  brevirostris  fieldi  subsp.  nov. 

Table    5;    Figures    8-12;    Plates    16,    17, 
Plate  18,  A,  B 

Ilolotypc.  MCZ  56617,  6 ,  Mahor  Birinji, 
southwestern  Iran. 

Paratypcs  (21).  MCZ  56605,  56606, 
5660(S,  56610-15,  56618,  from  the  type  lo- 
cality. MCZ  56594-56604,  from  4  mi.  W 
of  Gotwand,  Iran. 

Diagnosis.  Differs  from  Eremias  brevi- 
rostris brevirostris  (Blanford)  1874  in  its 
larger  scales,  the  ventrals  excepted.  Scales 
across  middle  of  back:  30-39  (usually  33- 
35).  Gular  scales  in  a  straight  median 
series:  20-25.  Lamellae  under  4th  toe: 
16-20.  Femoral  pores:  mode  12,  but  up  to 
15  (see  Table  5). 

Description  of  Jiolotypc.   A  male.    Head 
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Figure  11.     Variation  in  the  number  of  femoral   pores  in  sub- 
species of  Eremiai  brevirostris. 

A,  E.  b.  brev/rostr/s:    Syria — black;  Iraq — stippled. 

B,  E.  b.  cf.  brev/rosfris  from  Arabic. 

C,  E.    fa.    fieldi   subspec.    nov.    from    Iran    (Molnor    Birinji 

and  Gotwand). 


15 


-I 1 1 r 


-I 1 1 r- 

25 


20  25  30 

SUBDIGITAL     LAMELLAE 


Figure  12.     Variation  in  the  number  of  subdigital  lamellae  in 
subspecies  of  Erem/os  brev/rosfns. 

A,  E.    b.    brev/rostris;     Syria — black;    Iraq — stippled. 

B,  E.  b.  cf.  brevirosfr/s  from  Arabia. 

C,  E.    fa.    Heidi    subspec.    nov.    from    Iran    (Mahor    Birinji 

and  Gotwand). 


(to  rear  border  of  ear)  slightly  more  than  head  shields  strongly  eonvex;  rugose.  Parie- 

one  and  one  half  times  as  long  as  broad,  tals   in    good   sagittal   eontact   behind   the 

Nostril  not  swollen;  the  opening  elongated,  interparietal,  the  line  of  contact  two-fifths 

nearly  twice  as  long  as  broad.    All  upper  of  the  length  of  the  parietals.   No  occipital. 
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Four  supraoculars,  tlio  second  the  largest. 
Subocular  longitudinally  keeled,  entering 
the  mouth  as  broadly  as  the  4th  upper 
labial,  which  precedes  it.  Behind  the  sub- 
ocular  two  enlarged  labials,  each  about  the 
size  of  the  4th.  Temporal  scales  roundish, 
convex,  relati\el\-  large:  only  six  in  a  verti- 
cal line  from  pileus  to  supralabials,  half 
\\a\'  betw'cen  eye  and  ear;  only  three  be- 
tween pileus  and  tympanic  shield.  Lower 
labials:  6,  the  last  considerably  elongate. 
Chin  shields:  5/6,  the  first  2/3  in  contact 
sagittal!)'.  Gular  scales  in  a  straight  median 
series:  22.  Plates  in  collar:  9.  Thirty-two 
scales  across  the  middle  of  the  back.  \'en- 
tral  plates  in  12  longitudinal  series  and  in 
32  transverse  series.  Femoral  pores:  12/13. 
Lamellae  under  4th  toe:  19/18.  Upper 
caudal  scales  (end  of  original  portion) 
feebh'  keeled,  lower  smooth.  Tail  base 
very  stiongly  swollen,  so  that  it  is  as  broad 
as  the  body  just  before  the  pelvis.  The 
swollen  region  is  nearly  as  long  as  the 
trunk  between  the  limbs  (interlimb 
length).  Most  of  the  swollen  part  is  cov- 
ered by  the  regular  large  caudal  scales, 
only  its  anterior  third  by  the  smaller  scales 
t\pical  of  the  base  of  the  tail. 

Measurements    of    Holotype 

MM 

Snout-vent  ....  58.0 
From  snout  to  forehmb  22.0 
Head  length  (to  pos- 
terior border  of  ear)  13.5 
Head  width  ...  9.0 
Head  depth  ...  7.0 
Forelimb  ....  16.5 
Hindlimb  ....  26.0 
Tail 22.0  +  45.0 

Coloration  of  hohtijpe.  \'ery  dark,  pat- 
tern difficult  to  distinguish.  There  are 
indications  of  ocellus-like  spots,  the  light 
center  about  three  scales  in  diameter,  ihc 
darker  rim  one  to  two  scales  broad.  At 
least  some  of  these  ocelli  are  confluent  with 
their  neighbors,  forming  dark  crossbands. 

Variation  of  the  type  series.  In  the  speci- 


mens from  Gotwand  the  nostril  may  be 
slightly  swollen,  and  the  opening  is  usually 
\e^^  elongated  than  in  those  from  Mahor 
Birinji.  The  occipital,  usually  absent,  may 
be  represented  by  one  or  two  minute 
granules.  The  first  supraocular  is  rarely 
divided  in  two.  In  one  specimen  there  are 
only  three  upper  labials  in  front  of  the 
subocular,  on  one  side  (MCZ  56613).  The 
number  of  temporal  scales  between  pileus 
and  upper  labials  may  be  six  or  seven, 
between  pileus  and  tympanic  shield,  three 
or  four. 

In  specimens  with  complete  tails, 
the  part  behind  the  basal  swelling  has 
keeled  scales  dorsally,  smooth  ones  ven- 
trally.  Data  for  the  meristic  characters  are 
given  in  Table  5. 

Some  of  the  specimens  show  the  i^attern 
described  for  the  holotype  somewhat  more 
distinctly.  The  light  spots  are  arranged 
in  semi-regular  longitudinal  series.  The 
degree  of  confluency  among  their  black 
frames  is  very  variable.  On  the  tail,  the 
pattern  gradually  changes  to  one  of  alter- 
nating light  and  dark  half-rings.  There 
seems  to  be  no  distinctive  pattern  on  the 
side  of  the  head;  it  is  either  unicolor  or 
somewhat  mottled. 

Remarks.  It  is  interesting  to  note  that 
this  relatively  large-scaled  local  subspecies 
occurs  in  the  eastern  part  of  the  range  of 
the  species,  while  at  the  western  margin  of 
the  range  there  occurs  the  small-scaled  E. 
h.  microlepis  Angel  (western  Syria  and 
northern  Jordan — Y.  L.  Werner,  in  MS). 

Family  Scincidae 

Eumeces  zarudnyi  Nikolski 

Eumeces  zarudnyi  Nikolski,  1899,  Ann.  Zool.  Mus. 

Acad.  Sci.  St.  Petersburg,  4:   399   (Seistan  and 

Kirman  in  eastern  Persia). 
Eumeces    zarudnyi    Nikolski,    1899,    Yearh.    Zool. 

Mus.  Acad.   Sci.   St.   Petersburg,  4:   400. 

Material  examined.  WEST  PAKISTAN 
(2) :  MCZ  54443,  6  ,  Shahi-Tump  at  Turbat, 
Baluchistan,  21  March  1955,  Chugtai;  MCZ 
54444,  S,  Saradoo,  28  mi.  S  of  Panjgur, 
Baluchistan,  27  March  1955,  H.  Field.  " 
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PhoUdosis.  Both  specimens  have  28  scale 
rows  (as  also  mentioned  by  Taylor  for  a 
specimen  from  Baluchistan),  the  two  mid- 
dorsal  ones  being  the  broadest.  The  heel 
plates  are  distinct  in  MCZ  54444,  smaller 
in  54443. 

Measurements  (Largest,  MCZ  54444). 
Snout-vent:   117  mm. 

Mabuya  aurata  septemfaeniofa  Reuss 

Eiiprepis     septemtaeniatiis     Reuss,      1834,     Miis. 

Senckenb.,     1:     47,    pi.     3,     fig.     1     ( Massawa 

[Massaua] ). 
Mahmja    aurata    septemtaeniata:    Mertens,     1924, 

Abh.     Ber.      Mus.      Nat.-     Heimatk.      (Naturk. 

Vorgesch.)    Magdeburg,   3:    377. 

Material  examined.  IRAQ  (11):  MCZ 
56539-43,  56546,  56548,  56549,  Kish  area; 
MCZ  56559-60,  Station  K-3,  near  Haditha 
on  the  Euphrates.  IRAN  (8):  MCZ  56551- 
58,  Mahor  Birinji. 

Fholidosis.  Only  in  two  specimens  do 
the  parietals  meet  behind  the  interparietals. 
Scale  rows:  in  the  specimens  from  Iraq,  37 
in  six  specimens,  36  in  three,  35  in  one,  and 
34  in  one;  in  the  specimens  from  Iran,  34 
in  four  specimens,  35  in  two,  36  in  one, 
and  37  in  one. 

Measurements.  Largest  (and  apparently 
fully  grown)  specimens  from  Iraq — Snout- 
vent:  70-81  mm.  Largest  specimens  from 
Iran — Snout-vent:  76-84  mm. 

Coloration.  A  pair  of  broad,  brown, 
lateral  bands.  Between  these,  four  narrow, 
blackish,  interrupted  dorsal  stripes. 

Mabuya  macularia  Biyth 

Eu])rt'})cs   sebae   Dumeril   and    Bibron    (in   part), 

1839,  Erpetol.  Gen.,  5:   692. 
Mahwja  macularia,  Boulenger,  1887,  Cat.  Lizards 

Brit.   Mus.,  3:    182. 

Material  examined.  WEST  PAKISTAN 
( 1 ) :  MCZ  54446,  Tatta,  Sind. 

Pholidosis.  Twenty-eight  scale  rows, 
dorsals  with  seven  keels.  Sixteen  lamellae 
under  4th  toe.  Tlie  specimen  differs  from 
the  description  by  Boulenger  ( 1887 )  in 
having  the  frontal  clearly  longer  than  the 
combined    lengths    of    frontoparietal    and 


inteqoarietal,  and  in  having  a  fifth  small 
(doubtful)  supraocular.  It  is  hard  to 
assign  the  single  preserved  specimen  to 
one  of  the  five  forms  distinguished  by 
Smith  (1935). 

Measurements.    Snout-vent:  61  mm. 

Mabuya  viftafa  Olivier 

Scincus   vittatus  Olivier,    1804,   Voy.   Emp.   Otho- 

man,   3:    103    (sands   of   Rosetta). 
Mabuya     vittata:     Wettstein,     1928,     Sitzungsber. 

Akad.  Wiss.  Wien,   Matb.-Naturw.   Kl.,  Abt.   1, 

137   (10):   783. 

Material  examined.  IRAQ  (6):  MCZ 
56538,  56544,  56547,  Kish  area;  MCZ 
56561-63,  Havdian,  at  foot  of  Jebel  Bara- 
dost  near  Ruwanduz. 

Pholidosis.  Thirty-one  scale  rows  in 
three  specimens,  32  in  two,  and  30  in  one. 
MCZ  56563  shows  an  especially  sharp 
treble  keeling  of  the  dorsal  scales. 

Measurements.  Kish  area — Snout-vent: 
60-68  mm.  Havdian — Snout-vent:  80-87 
mm. 

Coloration.  All  six  specimens  have  two 
broad,  dark  brown,  dorsal  stripes  and  a 
lateral  pair  of  broad  dark  stripes.  In  speci- 
mens from  the  Kish  area,  the  middorsal 
light-colored  (greyish)  band  is  approxi- 
mately twice  as  wide  as  each  lateral  light- 
colored  band.  The  dark  bands  are  framed 
in  black,  especially  towards  the  middorsal 
light  band,  and  at  the  lateral  (lower)  mar- 
gin of  the  lateral  dark  pair.  In  specimens 
from  Havdian,  the  dorsal  pair  of  dark 
bands  lacks  the  medial  black  seam,  show- 
ing instead  a  dark  mottled  pattern  which 
may  or  may  not  be  emphasized  towards 
the  middorsal  light  band.  Irregular  mottl- 
ing occurs  also  on  the  lateral  dark  stripes. 

Ophiomorus  fridacfylus  Biyth 

Sphenoccphalus  tridactyhis  Bl>tli,   1855,  J.   Asiat. 

Soc.  Bengal,  22:   654   (Afghanistan). 
Ophiomorus    tridactylus:     Boulenger,     1887,    Cat. 

Lizards  Brit.  Mus.,  3:   394. 

Material  examined.    WEST  PAKISTAN 
( 1 ) :  MCZ  54445,  Saradoo. 
Pholidosis.    Twenty-two  scale  rows. 
Measurements.   Snout-vent:  91  mm. 
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Scincus  conirosfris  Blanford 

Sciuctis  couirostris  iMauiaid,  1S<S1,  Proc.  Zool.  Soc. 
London,  1881:  677,  fig.  1  (Tangyak,  7  mi.  S 
of  Bushire). 

Material  examined.  SAUDI  ARABIA 
(1):  MCZ  56564,  between  Al-Gaisumali 
and  Turaif  on  Tapline. 

Fholidosis.  Twenty-six  scale  rows.  Pre- 
frontal w  ell  separated  from  rostral  by  sagit- 
tally  continguous  supranasals. 

Measurements.    Snout- vent:  59  mm. 

Coloration.  Uniformly  colored,  without 
transverse  bars  (young  S.  offieinaJis  of 
equal  size  are  similarly  colored;  the  bars 
de\elop  later  in  life). 

Remarks.  This  form  is  considered  a  sub- 
species of  S.  scincus  by  Khalaf  (1959:  49), 
who  does  not  state  his  reasons. 

Chalcides  ocellatus  ocellatus  Forskal 

Laccrta   occUata   Forskal,    1775,   Descr.   Anim.,   p. 

13   (Egypt). 
Chalcides  ocellatus  forma  tijpica,  Boulenger,  1890, 

Ann.  Mag.  Nat.  Hist.,  si:   444. 

Material  examined.  TRUCIAL  OMAN 
COAST  (3):  MCZ  56534-36,  Sharjah. 

Fholidosis.  All  three  specimens  have  28 
scale  rows  at  midbody. 

Measurements.  Snout-vent:  97,  73,  and 
90  mm. 

Coloration.  These  specimens  seem  to  be 
much  darker  than  animals  from  Israel. 
Each  of  the  upper  and  lower  labials,  be- 
ginning with  the  second,  has  a  broad  black 
rim  on  its  dorsal,  ventral,  and  caudal  bor- 
ders, so  that  the  lips  bear  a  kind  of  zebra 
striping.  In  some  regions,  especially  on 
the  sides  of  the  neck,  the  black  mottling 
dominates  over  the  paler  interstices.  In 
each  of  the  numerous  dorsal  ocelli,  the 
w  hite  center  is  reduced  to  a  narrow  streak 
(narrower  than  in  specimens  from  Israel, 
in  general).  The  dorsal  ocelli  tend  to  be- 
come confluent  laterally  (especially  so  in 
MCZ  56536:  the  crossbar-like  fusions  are 
irregular  on  its  back  and  flanks,  but  very 
regular  in  the  dorsopectoral  area).  On  the 
tail  (behind  its  base)   the  ocellated  scales 


form   regular   transverse   bands,    each    two 
separated  by  a  double  ring  of  pale  scales. 

ORDER  AMPHISBAENIA 

Family  Trogonophidae 
Diplometopon  zarudnyi  Nikolski 

Diplometopon  zarudnyi  Nikolski,  1907,  Ann.  Zool. 
Mus.  Acad.  Sci.  St.  Petersburg,  10:  277  (Nasrie, 
Arabistan,  Iran). 

Material  examined.  SAUDI  ARABIA 
(2):  MCZ  56537,  57176,  along  Trans- 
Arabian  Pipeline  (Tapline)  between  Al- 
Gaisumah  and  Turaif. 

Fholidosis.  Tlie  postfrontal  (Cans,  1960: 
139;  =  frontal,  Haas,  1957:  72)  is  almost 
completely  bisected  by  the  median  groove 
in  MCZ  56537,  but  not  in  MCZ  57176,  in 
which  the  groo\ e  di\ides  only  the  posterior 
two  thirds  of  that  shield.  Of  the  two  pre- 
oculars  (?)  the  lower  (loreal?)  is  much 
more  elongated,  and  the  upper  conse- 
quently much  larger,  than  in  the  specimens 
depicted  bv  Haas  (1957:  71,  fig.  8)  and 
Cans  (1960:  140,  fig.  3).  Body  annuH 
(Cans,  1961:  6)  of  MCZ  56537  (the  other 
specimen  being  badly  damaged),  178; 
postanal  annuli,  20;  anals,  8. 

Measurements  (MCZ  56537).  Snout- 
vent:  149  mm.  Tail:  14  mm.  (The  speci- 
men is  strongly  contorted. ) 

Coloration.  A  pinkish  brown,  speckled 
dorsally  with  blackish  brown  dots;  similar 
to  specimen  depicted  by  Cans  (1960:  45, 
fig.  3),  but  the  dark  dots  extend  on  the 
tail  to  the  penultimate  annulus. 

ORDER  OPHIDIA 

Family  Typhlopidae 

Typhlops  cf.  vermicularis  Merrem 

Typhlops  vermicidaris  Merrem,  1820,  Tent.  Syst. 
Amphib.,  p.  158  (Greek  Islands — Mertens  and 
M  idler,   1928). 

Material  examined.  IRAN  (1):  HF-30, 
Mazuo. 

Measurements.  Total  length,  about  200 
mm. 
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Family  Boidae 

Eryx  jaculus  sspp. 

Anguis  jaculus  Linnaeus,  1758,  Syst.  Nat.,  ed.  10, 

1:  228  (Egypt). 
Erijx  jaculus,  baiulin,    1803,   Hist.  Nat.   Kept.,   7: 

257. 

MotcrUd  examined.  IRAQ  (7):  MCZ 
56870^71,  Lake  Habbaniya;  MCZ  56872- 
75,  Kish  area;  MCZ  58874,  Abu  Ghraib, 
W  of  Baghdad.  IRAN  (1):  MCZ  56876, 
Mahor  Birinji. 

Pholidosis.  Interorbital  scales  (from  eye 
to  eye):  5-6  (mean,  5.6).  Scales  smromid- 
ing  eye:  8-11  (mean,  9.6).  Upper  labials: 
9-11  (mean,  9.8).  Scale  rows:  41-52 
(mean,  48.3).  Ventrals:  180-194  (mean, 
187.7).  Subcaudals:  22-32  (mean,  27.6). 
Regarding  the  last  three  characters,  the 
specimen  from  Iran  represents  the  short- 
tailed  extreme  of  the  variation:  ventrals, 
192;  subcaudals,  22  (it  has  51  scale  rows). 

Measurements.  The  snakes  are  rather 
contorted  and  difficult  to  measure  accu- 
rately. The  largest  (MCZ  56871  from  Lake 
Habbaniya)  measures  at  least  480  mm 
snout-\ent,  49  mm  tail.  The  specimen 
from  Iran  (MCZ  56876)  also  measures  480 
mm  snout-vent;  its  tail  is  46  mm. 

Coloration.  All  specimens  from  Iraq 
have  brown  backs,  with  light,  irregular 
blotches,  some  confluent  to  fonn  an  ir- 
regular zig-zag  band,  some  more  like  cross- 
bands.  The  brown  margins  of  the  light 
areas  are  spotted  here  and  there  with 
darker  brown.  Flanks  are  also  spotted  with 
the  darker  brown.  In  the  specimen  from 
Iran  the  back  is  best  described  as  being 
of  a  light  (cream)  color,  with  a  median 
series  of  very  irregular  brown  blotches, 
some  anteriorly)  confluent.  On  each  side 
there  is  a  dorsolateral  band  of  still  darker 
brown,  of  irregular  width,  sometimes  inter- 
rupted. Lateral  (and  ventral)  to  this,  the 
light  ground  color  is  mottled  in  two  shades 
of  brown. 

Re77iarks.  We  find  it  impossible  to  arrive 
at  a  satisfactory  determination  of  this  ma- 
terial on  the  subspecific  level. 


Family  Colubridae 

Matrix  tessellafa  tessellafa  (Laurent!) 

Coronella  tessellata  Laurenti,  1768,  Synops.  Rept., 

87  (  "in  Japidia,  vulgo  Cars" ) . 
Natrix  tessellata:   Bonaparte,  1834,  Iconogr.  Faun. 

Ital,  Fasc.  2,  11:  Plate,  fig.  2. 
Natrix  tes.^ellata  tessellata:    Sochurek,    1956,   Bur- 

genl.  Heimatbl.,   18:   89. 

Material  examined.  IR.\Q  (1):  MCZ 
57014,  Kish  area.  IRAN  (2):  MCZ  57015, 
Dorud;  MCZ  58873,  4  mi.  W  of  Gotwand. 
WITHOUT  DATA  (4):  HF-79,  probably 
Kish  area,  Hilla,  Iraq. 

Fholidosis.  Specimens  with  data:  scale 
rows  (at  midbodv),  19;  19;  21.  Ventrals, 
168;  177;  169.    Subcaudals,  70;  59;  65. 

Measurements  (largest  specimen  [MCZ 
57015]).  Snout-vent:  at  least  590  mm. 
Tail:   134  mm. 

Coloration.  Two  specimens  represent 
extremes  of  the  normally  very  variable 
ventral  pattern.  In  MCZ  57014  the  black 
areas  are  particularly  restricted;  in  MCZ 
57015  the  black  color  of  the  posterior  abdo- 
men is  continued  anteriorly  (for  half  the 
length  of  the  animal)  as  a  median  band, 
of  which  only  the  anterior  ten  ventrals  are 
free  (from  about  the  30th  ventral  back- 
wards there  is  also  an  increasing  amount 
of  black  mottling  on  both  sides  of  the 
median  band). 

Coluber  jugularis  osianus  (Boettger) 

Zamenis  viridiflacus  \ar.  asiaiia  Boettger,  1880, 
Ber.  Senckenb.  Naturf.  Ges.,   1879-80:    151. 

Coluber  jufiularis  asianus:  Miiller  and  Wettstein, 
1933,  Sitzungsber.  Akad.  Wiss.  Wien  Math.- 
Naturw.  Kl.,  Abt.  1,  143:   142. 

Material  e.xamined.  IRAQ  (3):  MCZ 
58869,  2 ,  58870,  i ,  Havdian,  near  Ruwan- 
duz;  MCZ  58871,  i ,  Lake  Habbaniya. 

Pholidosis.  Scale  rows:  21.  Ventrals: 
198-208.    Subcaudals:   106-109. 

Measurements  (Largest  specimen  [MCZ 
58869]).  Snout-vent:  about  940  mm.  Tail: 
about  335  mm. 

Coloration.  The  specimens  from  Havdian 
are  almost  black  dorsally;  in  MCZ  58869 
many  of  the  dorsal  scales  are  speckled  with 
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whitish,  these  light  specks  often  fonning  a 
fine  hne  along  the  middle  of  the  scale 
( especialK-  near  the  middle  of  the  bodv); 
in  MCZ  58870  a  \er\  delicate  light  line 
runs  along  each  longitudinal  series  of  scales 
(through  the  middle  of  each  scale),  this 
pattern  increasing  in  distinctness  towards 
the  tail.  In  both  specimens  the  ventral 
side  is  beige  (with  traces  of  pink)  and 
hea\il\-  speckled  with  black,  in  a  semi- 
regular  pattern,  leaving  on  every  scute  an 
unspeckled  crossband  close  to  (not  border- 
ing) its  caudal  margin.  The  specimen  from 
Lake  Habbanixa  is  brownish  grey,  and 
along  each  longitudinal  row  of  dorsal  scales 
there  runs  a  band  of  lighter  grey,  occupy- 
ing the  median  third  of  each  scale,  and  not 
sharply  delimited.  Ventralh"  the  black 
specks  are  mostl\-  confined  to  both  lateral 
thirds  of  each  scute. 

Remarks.  According  to  Khalaf  ( 1959: 
75),  this  snake  may  reach  a  length  of  eight 
feet.  The  same,  more  or  less,  is  true  of  the 
Israel  population  of  C.  jup,uhiis.  In  com- 
parison to  specimens  from  Israel  of  equal 
length,  our  specimens  from  Iraq  are  rather 
thick  bodied.  Furthermore,  such  half- 
grown  specimens  from  Israel  would  not 
have  attained  the  uniform  (black)  adult 
coloration,  but  would,  rather,  show  rem- 
nants of  the  juvenile  pattern  of  darker  and 
lighter  spots.  Conceivably  the  specimen 
from  Lake  Habbaniya,  at  least,  also  pre- 
sents a  relalivelv  light  juvenile  coloration 
(Khalaf,  1959:  75). 

Coluber  ventromaculafus  Gray 

Coluber  vcntromactilatus  Gray  (and  Hardwicke), 
1834,  Illns.  Indian  Zool.,  2:' pi.  80,  fig.  1  (Ben- 
gal—Schmidt,  1939:   74). 

Material  examined.  IRAQ  (1):  MCZ 
58868.  Kish  area.  WEST  PAKISTAN  ( 1 ) : 
MCZ  54401,  ; ,  Tatta,  in  Sind.  E  of  Karachi, 
8  March  1955.  WITHOUT  DATA  (1): 
HF-79,  probably  Kish  area,  Hilla,  Iraq. 

Pholidosis.  Scale  rows:  19.  Ventrals: 
203;  197;  187.    Subcaudals:  99;  110;  88. 

Measurements  (largest  specimen  [MCZ 
54401]).    Snout-vent:  about  480  mm.   Tail: 


about  200  mm.  The  others  are  juveniles, 
about  260  and  295  mm  snout- vent. 

Coloration.  The  pattern  of  dark  cross- 
bands  disappears  at  the  level  of  the  cloaca 
in  the  adult,  but  is  continued  throughout 
the  tail  as  a  series  of  vertebral  spots,  then 
dots  in  the  two  juveniles. 

Remarks.  According  to  Minton  (1966: 
121)  this  snake  occurs  over  much  of  South- 
western Asia,  including  Israel.  We  would 
like  to  make  use  of  this  opportunity  to 
state  that  we  are  aware  of  no  snake  speci- 
mens from  Cisjordan  referable  to  this 
species. 

Coluber  rhodorachis  rhodorach'is  (Jan) 

Zamcnis  diodoiacJds  Jan,  1863,  //!  De  Filippi, 
X'iagg.  Persia,  p.  356  ( Iian;  restricted  to 
Schiras  [Sliiraz],  Central  Persia — Kramer  and 
Schnurrenberger,    1963:    .501). 

Coluber  rhocloraclm,  Parker,  1931,  Ann.  Mag. 
Xat.  Hist.,   (10)   8:   516. 

Coluber  rhodorachis  rhodorachis,  Khalaf,  1959, 
Reptiles  of  Iraq  with  some  notes  on  the  am- 
phibians, Baghdad,  pp.  75-76. 

Material  examined.  IRAN  (1):  MCZ 
58872,  Mahor  Birinji. 

Pholidosis.  Scale  rows  (at  midbod\): 
19.    W^ntrals:   236.    Subcaudals:    137. 

Measurements.  Snout-vent:  about  675 
mm.    Tail:  280  mm. 

Coloration.  Anterior  half  of  body  with 
crossbands,  posterior  half  uniform.  The 
first  third  of  the  banded  region  is  uniqueh' 
patterned,  in  that  the  dark  crossbands  are 
broader  (covering  the  length  of  about  one 
scale ) . 

Rerymrks.  The  pattern  is  surprising,  as 
the  sev'cral  specimens  from  southern  Israel 
we  have  examined  have  dark  crossbands 
that  are  narrower  than  the  light  inter- 
spaces, and  this  is  also  the  pattern  of  a 
specimen  from  Karachi,  West  Pakistan, 
depicted  by  Minton  (1966:  pi.  25,  fig.  1). 
Another  specimen  with  hroad  dark  cross- 
bands  has  recently  been  collected  at  Petra, 
Jordan  (Y.  L.  Werner,  in  MS). 

Eirenis  persica  (John  Anderson) 

Cyclophis  persicus  .\nderson,  1872,  Proc.  Zool. 
Soc.  London,  1872:  392,  fig.  8  (Bushire, 
Persia). 
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Eirenis   persica,    Stickel,    1951,    Herpetologica,    7: 
128. 

Material  examined.  IRAN  (3):  HF-40. 
Shalgahi:  HF-51(13)  and  HF-51(14),  Ma- 
hor  Birinji.    (All  in  bad  condition.) 

Pholidosis.  Loreal  absent,  one  pre-  and 
one  postocular.  Upper  labial:  7  (but  ap- 
parently 8/8  in  HF-51(13)).  Lower  labi- 
als: 7.  Scale  rows:  15.  Ventrals:  (?)194- 
206.    Subcaudals:  50-64. 

Measurements  (largest  specimen  [HF- 
40]).    Snout-vent:  241  mm.    Tail:  58  mm. 

Coloration.  One  of  the  specimens  from 
Mahor  Birinji  (  14 )  has  a  barred  pattern 
( =  "Eirenis  persica  nigrofasciata  Nik." ) ; 
the  other  two  have  unicolored  bodies.  The 
latter  have  three  blackish  crossbands  on 
the  head — one  through  the  supraoculars, 
one  through  the  parietal,  and  one  on  the 
nape.  In  the  barred  specimen,  the  second 
and  third  crossbands  are  confluent.  It  has 
about  57  black  half-rings  on  the  body,  and 
thirteen  on  the  tail.  Each  is  one  to  two 
scales  broad,  and  the  light  (vellowish) 
intervals  are  three  to  four  scales  broad. 
Tlie  ventral  side  of  all  specimens  is  Hght, 
uniformly  colored. 

Remarks.  The  fact  that  both  a  barred 
and  unicolored  specimen  have  been  col- 
lected at  the  same  place  (Mahor  Birinji) 
supports  Minton's  (1966:129)  suggestion 
that  these  patterns  do  not  indicate  geo- 
graphic races.  Thus  a  subspecific  taxonom\ 
of  the  species,  based  on  the  pattern  only, 
appears  invalid.  Probably  the  two  color 
patterns  represent  "phases"  of  the  same 
population,  as  has  also  been  suggested  by 
Minton;  but  the  possibility  of  their  rep- 
resenting two  sympatric  ( ?  sibling )  species 
has  not  yet  been  conclusively  ruled  out. 

Eirenis  collaris  (Menetries) 

Coluber  coUarls  Menetries,   18.32,   Cat.   Rais.   Obj. 

Zool.  .  .  .  \'oy.  Caucase  .  .  .  ,  p.  67  ( Becheber- 

niak,  near  Caspian  Sea). 
Eircr^i.s    collaris,    Jan,     186.3,    Arch.    Zool.     Anat. 

Fisiol.,  Genova,  2:   256. 

Material  examined.  WITHOUT  DATA 
( 1 ) :  HF-79,  probably  Kish  area,  Iraq. 


Pholidosis.  Loreal:  present.  Preoculars: 
2 '1.  Postoculars:  2 '2.  Upper  labials: 
7  7.  Lo\\er  labials:  8/8.  Scale  rows:  15. 
Ventrals:    170.    Subcaudals:   53. 

Measure  merits.  Snout-vent:  225  mm. 
Tail:   61  mm. 

Coloration.  Head  mottled  with  black. 
A  broad,  black  (very  dark  brown)  cross- 
band  on  the  occiput  reaches  the  sides  of 
the  throat,  where  it  is  pointed  anteriorly. 
Bod\"  with  delicate  dark  longitudinal  lines 
running  through  the  margins  of  the  scales. 

Eirenis  coronella  cf.  coronella  (Schlegel) 

Calamaria  coronella  Schlegel,  1837,  Physion.  Seip., 
2:   48   ( Syria— Schmidt,   19.39:   78). 

Eirenis  coronella  coronella.  Schmidt,  19.39,  Field 
Miis.   Xat.   Hist.,  Zool.   Ser.,   24:    78. 

Material  examined.  IRAN  (2):  HF-40, 
:' ,  Shalgahi.  IIF-49,  juvenile,  Mahor  Bir- 
inji. 

Pholidosis.  Loreal  present.  Preocular: 
single.  Postoculars:  2/2;  2/1.  Upper  labials: 
7/7;  8/8.  Lower  labials:  6/6;  7/7.  Tem- 
porals: 1+2/1-M;  1  +  1/1  +  1.  Scale  rows: 
15;  15.  Ventrals:  ?  (damaged);  140.  Sub- 
caudals: 43;  44. 

Measurements  (PIF-49).  Snout-vent:  148 
mm.  Tail:  37  mm.  (HF-40  is  too  badly 
damaged  to  measure. ) 

Coloration.  Back  with  brown  cros.sbands 
(=  half-rings),  each  about  two  scales 
broad,  with  the  lighter  intervals  about 
three  scales  broad.  A  broad  occipital  cross- 
band  extends  to  the  sides  of  the  throat. 
Number  of  dark  crossbands  (HF-49)  on 
bod\-,  49;  on  tail,  15.  Ventral  side  uniformly 
pale  buff. 

Rhynchocalamus  sp. 

Plate  20 

Material  examined.  IRAN  (1):  MCZ 
56877,  Shalgahi. 

Pholidosis.  Nasal  undivided.  Loreal 
present,  about  twice  the  size  of  the  pre- 
ocular. Preocular  and  postocular  single. 
The  large,  spatulate  rostral  nearly  sepa- 
rates the  internasals;  it  is  as  long  (seen 
from  above)   as  the  combined  sutures  be- 
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hveen  the  two  internasals  and  between  the 
two  prefrontals.  Upper  labials:  7/7.  Lower 
labials:  (?)  8/8.  Scale  rows:  15.  Ventrals: 
219.    Subcaudals:  62. 

Measurements.  Snout-vent:  138  mm. 
Tail:   28  mm. 

Colorotion.  Pale  \ellowish  beige,  with- 
out any  pattern  except  for  a  pair  of  brown 
patches  on  the  neck.  Each  patch  starts 
about  three  scales  behind  the  pileus,  is 
about  eight  scales  long,  and  one  to  two 
scales  broad  (narrow  anteriorly,  broad 
posteriorly ) .  There  is  also  a  microscopical 
bro\\n  patch  at  the  upper  anterior  corner 
of  each  eye. 

Remarks.  This  appears  to  be  the  speci- 
men described  b\'  Reed  and  Marx  (1959: 
109-113)  under  R.  satunini  Nikolski,  HF- 
40.  It  is  true  that  the  pholidosis  of  our 
specimen  agrees  with  that  of  R.  satunini, 
\\hich  these  authors  separate  from  R. 
mehnocepholus  Jan,  and  in  particular  with 
that  of  specimen  FMNH  74605,  from  Janno 
in  northern  Iraq.  However,  the  difference 
in  pattern  between  our  specimen  and  all 
satunini  specimens  recorded  so  far  from 
Anatolia,  Amienia,  and  northern  Iraq  is 
striking.  It  is  hard  to  accept  Reed's  and 
Marx's  interpretation  of  the  pattern  of  the 
Shalgahi  specimen  as  being  that  of  a  juven- 
ile, since  normally  when  a  juxenile  pattern 
changes  into  a  different  adult  pattern  a 
process  of  reduction  is  involved — not  one 
of  expansion,  as  would  be  the  case  here. 
We  feel  it  would  be  premature  to  appK' 
specific  or  subspecific  determination  to  the 
single  ju\enile  specimen  before  us,  which 
apparently  is  the  only  specimen  of  the 
genus  so  far  reported  from  Iran.  It  is  e\i- 
dently  closely  allied  to  R.  .satunitii.  Among 
the  Pakistanian  forms,  Oligodon  taenio- 
latus  (Jerdon)  is  the  most  similar  in  pholi- 
dosis to  the  Shalgahi  specimen,  yet  has  a 
divided  nasal  and  higher  numbers  of  post- 
oculars  and  temporals  (at  least  within 
Pakistan,  if  not  within  India — Minton, 
1966:  133). 


Psammophis  cf.  schokari  Forskal 

Coluber  scliokdri   Forskal,    1775,   Descr.   Anini.,  p. 

14  (Yemen,  S.  Arabia). 
Psammophis  schokari,  Boulenger,  1896,  Cat.  Snakes 

Brit.  Mus.,  3:   157. 

Material  examined.  IRAN  (1):  HF-49 
("10"),  Mahor  Birinji. 

Plwlidosis.  Scale-rows:  17.  Ventrals:  179. 
Subcaudals:  125. 

Measurements.  Snout-vent:  about  400 
mm.    Tail:   197  mm. 

Coloration.  A  pattern  of  four  dark  brown 
longitudinal  bands,  which  does  not  include 
the  pileus;  latter  adorned  with  complex 
anchor-like  pattern.  The  two  median 
bands  are  separated  from  each  other  by 
less  than  the  breadth  of  a  scale.  On  each 
of  the  four  dark  bands  the  margins  are 
accentuated  by  a  row  of  darker  dashes. 
There  is  a  pair  of  ventrolateral  delicate 
dark  lines. 

Remarks.  The  badl\'  damaged  head  in- 
troduces an  element  of  doubt  into  the 
identification  of  this  specimen. 

Psammophis  leiflii  Gunther 

Psammo))Jiis  Icithi  Giintlier,  1869,  Proc.  Zool.  Soc. 
London,  1869:   505,  pi.  .39   (Sind). 

Material  examined.  WEST  PAKISTAN 
( 1 ) :  MCZ  .54406,  juvenile,  Big  Kapoto,  10 
mi.  S  of  Kalat,  Baluchistan,  1955. 

PJ}oIidosis.  Scale  rows:  17.  Ventrals:  178. 
Subcaudals:  105. 

Measurements.  Snout-vent:  about  300 
mm.    Tail:   about  130  mm. 

Coloration.  Back  with  two  pairs  of  dark 
bands,  the  median  pair  a  nearly  unifonu 
blackish  brown;  each  lateral  band  is  of  a 
somewhat  lighter  shade,  with  darker  mar- 
gins (same  color  as  median  bands).  The 
lateral  bands  extend  forward  to  the  eye, 
and  are  represented  in  a  somewhat  modi- 
fied manner  on  the  snout.  The  median  pair 
is  continued  forsvard,  on  either  side  of  the 
pileus,  to  the  nostril.  Along  the  middle  of 
the  pileus,  from  the  suture  between  pre- 
frontals and  frontal  to  the  end  of  the 
parietals,  there  runs  a  fifth  brown  band. 
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This  pattern  apparently  agrees  with  that 
described  by  Minton  '(1966:  141)  of  P. 
Jcithi  from  West  Pakistan,  but  differs  some- 
what from  that  depicted  by  Smith  (1943: 
366)  of  the  British  Museum  specimen  BM 
91.9.1.5. 

Family  Elapidae 

Walferinnesia  aegyptia  Lataste 
Plate  21 

Walferinnesia  aepii])tia   Lataste,   1887,   Le   Xatur- 
aliste,  1887:   411    (Egypt). 

Material  examined.  IRAN  (1):  MCZ 
56878,  Mahor  Birinji. 

PholicJosis.  Scale  rows:  23.  Ventrals:  193. 
Subcaudals:  44.  On  the  right  side  there 
are  tvvo  preoculars,  both  touching  the  nasal. 

Measurements.  Snout-vent:  about  355 
mm.    Tail:  47  mm. 

Coloration.  This  specimen,  evidently  a 
juvenile,  is  striking  in  having  the  typical 
dark  color  (in  this  case,  a  very  dark  violet- 
brown)  interrupted  bv  26  fairly  regular, 
narrow,  pale  crossbands  (pinkish  brown). 
Each  pale  saddle  is  no  broader  middor- 
sally  than  the  length  of  one  or  one  and  a 
half  scales,  but  each  broadens  ventro- 
laterally  to  a  maximum  breadth  equalling 
the  length  of  three  scales.  \'entrolaterally 
the  light  saddles  are  separated  from  the 
similarly  light  ventrals  b\-  two  rows  of 
normal  dark  scales.  Middorsallv  the  dark 
areas  between  succeeding  light  saddles 
occupy  as  much  as  six  to  seven  scales.  In 
the  nuchal  region  there  is  an  indication  of 
a  ventrolateral  pale  connection  from  the 
third  pale  saddle  towards  the  head,  indi- 
cating a  modified  nuchal  pattern.  The  light 
crossbands  stop  a  short  distance  before  the 
vent,  but  a  few  light  spots  are  scattered  on 
the  anterior  third  of  the  tail. 

Remarks.  S.  C.  Anderson  (1963:  470- 
471)  mentions  three  specimens  from  the 
very  same  area  and  refers  to  a  fourth,  juven- 
ile, specimen,  in  the  collection  of  the 
hospital  at  Masjid-i-Suleiman,  as  having 
"very  narrow  light  crossbands."  We  are 
acquainted  with  juveniles  of  Walferinnesia 


aen.t/ptia  from  Israel,  of  similar  and  smaller 
sizes.  These  have  the  typical  uniform 
blackish  color  of  the  adults.  It  is  note- 
worth\-  that  the  place  of  origin  of  the  cross- 
banded  ju\"eniles  coincides  with  the  tvpe 
localities  for  Naja  moriiani  Mocquard  1905 
(  =  Afractaspis  uilsoni  WaW  1908 — Marx, 
1953),  as  S.  C.  Anderson  (1963:  470) 
pointed  out.  Perhaps,  after  all,  Naja  mor- 
p^ani  and  Walterinnesia  aegyptia  are  not 
quite  the  same  thing.  A  reinvestigation  of 
this  problem  should  take  into  account  a 
greater  number  of  characters,  including  the 
color  pattern. 

Family  Viperidae 

Vipera  lebetina  cf.  euphratica  (Martin) 

Vipera  euphratica  Martin,   1838,  Proc.  Zool.   Soc. 

London,    1838:    82    (Euphrates   Valley). 
Vipera  lebetina  euphratica,   Schmidt,   1939,  Field 

Mus.   Xat.   Hist..  Zool.   Ser.,   24    (7):    87. 

Material  examined.  IRAQ  (1):  MCZ 
58875,  6  ,  Ha\dian,  near  Ruwanduz.  \\TTPI- 
OUT  DATA  ( 1 ) :  HF-79,  S  ,  probabK-  Kish. 

Pholidosis.  Upper  labials:  11/12;  11/10. 
Lower  labials:  13/13;  12/13.  (The  labial 
counts  for  the  first  specimen  are  somewhat 
doubtful  o\\ing  to  the  badly  damaged 
head.)  Scale  rows:  25;  27.  \^entrals:  170; 
173.   Subcaudals:  45;  46. 

Measurements.  MCZ  58875 — Snout-vent: 
630  mm.  Tail:  93  mm.  HF-79— Snout- 
vent:  265  mm.    Tail:  43  mm. 

Coloration.  Back  with  traces  of  dark 
crossbands,  which  even  in  the  juvenile  are 
not  distinct  enough  to  be  counted.  Darker 
crossbands  on  each  flank  ( ventrolaterally ) 
alternate  \\  itli  these.  Tlie  ventral  side  is 
stippled  with  l^-ownish  grey;  part  of  the 
stippling  of  each  scute  is  concentrated  into 
a  few  roundish  spots.  The  lateralmost  of 
these  are  darkest,  and  confluent  ^^'ith  the 
ventrolateral  crossbands.  The  most  distinct 
markings  on  the  head  are  a  couple  of 
blackish  brown  spots  on  either  lower  lip. 

Remarks.  Schmidt  (1939:  87)  reports 
on  a  specimen  measuring  1270  mm  from 
snout  to  vent  (tail,  150  mm),  from  Balad 
Sinjar,  northwestern  Iraq. 
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Cerastes  cerastes  (Linnaeus) 

Coluber  cerastes  Linnaeus,  1758,  Syst.  Xat.,  p.  271 

("Oriente" — see  remarks   lielow). 
Cerastes  eonuitiis,    Boulen,<ier,    LS96,    Cat.    Snakes 

Brit.  Mus.,  3:  502. 
Cerastes    cerastes.    Anderson,     1899,    K.    Svenska 

Vetensk-Akad.   Handk,  Stockholm,  Bihang,   (4) 

24   (6):    29. 

Material  examined.  SAUDI  ARABL\ 
( 1 ) :  Badanah  on  Tapline,  without  number, 
head  only. 

Pholidosis.  Rows  of  scales  between  eye 
and  upper  labials  ( counted  diagonalK' ) : 
5/6.  Number  of  scales  surrounding  eve: 
15/16.  Horns  \\ell  developed,  as  long  (base 
included)  as  the  distance  from  snout  to 
eye;  each  surrounded  by  five  basal  scales. 
Upper  labials,  L5  L5;  lower  labials,  15/L5. 

Rernarks.  Haas  (1957:  82-83)  reports 
on  23  specimens  from  Saudi  Arabia.  onl\- 
fi\e  of  which  ^^•ere  horned.  In  Sinai,  too. 
there  occur  both  horned  and  hornless  speci- 
mens (Flower,  1933:  831).  However,  in 
Israel  (in  the  Wadi  Arava  [Wadi  Araba]  ), 
onh^  hornless  specimens  have  been  found 
so  far  (personal  observation).  Therefore, 
Schmidt's  (1939:  88)  restriction  of  the  type 
locality  to  "southern  Judaea,"  appears  to 
be  in  conflict  with  the  fact  that  the  original 
description  was  of  a  horned  snake  (Lin- 
naeus, 1766:  376).  In  fact,  Hasselquist 
(1766:  221)  sa\s  expressly,  "Coluber  cer- 
astes. The  horned  Viper.  It  is  a  native  of 
Eg\-pt."  Hence  there  is  every  reason  to 
accept  Flower's  (1933:  830)  restriction  of 
the  t\pe  locality  to  Egypt  (Kramer  and 
Schnurrenberger,  1963:  539). 

Echis  carinatus  (Schneider) 

Pseudoboa  carinata  Schneider,  1801,  Hist.  Am- 
phib.,  2:  285  (India:  Ami,  near  Madras — 
Minton,    1966:    159). 

Echis  carinatus.  \\'agler,  1830,  Xatiirhches  System 
der  Amphibien,  etc.,  Munich,  p.  177. 

Material  examined.    ^^'EST  PAKISTAN 

(1):    MCZ    54405,    Tatta,    in    Sind,    E    of 
Karachi. 

Pholidosis.     Scale    rows:    29.     \'entrals: 
170.    Subcaudals:  34. 


Measurements.  Snout-vent:  523  mm. 
Tail:  54  mm. 

Coloration.  The  pattern  is  t\pical  (Min- 
ton. 1966:  160,  pi.  36,  fig.  1).  There  are  36 
white  vertebral  spots  on  the  bod\"  and  8 
small  ones  on  the  tail. 

Remarks.  Constable  (1949)  divided  this 
species  into  two  subspecies,  but  Minton 
(1966:  160)  sho\\'ed  that  this  arrangement 
is  not  acceptable  without  further  study. 

DISCUSSION 

General  Bio'^eoiiraphij  of  SoiitJiwestern 
Asia.  The  entire  area  from  which  the  pres- 
ent material  originates  (excepting,  per- 
haps, the  Trucial  Oman  Coast)  was 
included  by  ^^'allace  (1876)  in  his  Medi- 
terranean Sub-Region  of  the  Palaearctic 
Region.  Wallace's  subdivision  of  the  Palae- 
arctic, like  the  rest  of  his  zoogeography, 
has  been  enjoying  general  acceptance 
(thus  Bartholomew,  et  ah,  1911;  Swan  and 
Leviton,  1962),  although  the  justification 
of  a  separate  Mediterranean  sub-region,  in 
particular,  has  been  questioned  by  zoo- 
geographers.  According  to  Beaufort  (1951: 
41),  this  is  only  a  "transition  region," 
which  is  "often  considered  .  .  .  distinct," 
and  Darlington  (1957:  442)  does  not  con- 
sidcY  it  "worth  formal  recognition,  although 
"Mediterranean'  is  a  useful  descriptive  term 
for  some  distributions." 

A  school  of  Near  East  biogeographers, 
with  \\hich  most  herpetologists  are  not 
familiar,  maintains  that  the  vagueness  of 
Wallace's  Mediterranean  Sub-Region  is  due 
not  to  his  having  split  off  an  unreal  unit, 
but  to  his  having  lumped  together  three 
territories  that  are  quite  different  in  gen- 
eral ecology  and  animal  life.  These  are 
termed  the  Mediterranean  {sensii  stricto), 
Irano-Turanian,  and  Saharo-Sindian  sub- 
regions  (or  regions,  or  territories).  To- 
gether they  occupy  a  somewhat  wider  area 
than  the  Mediterranean  Sub-Region  (sensu 
lato)  of  Wallace  (Fig.  13).  This  arrange- 
ment, based  on  the  work  of  Grisebach 
(1872),  has  been  elaborated  by  the  bota- 
nist Eig  (1831)  with  particular  reference  to 
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Figure  13.  Sketch  map  of  Southwestern  Asio  (with  od|acent  areas  of  Europe  and  Africa).  The  heavy  interrupted  line  repre- 
sents Wallace's  (1876)  boundary  of  the  Mediterranean  Sub-Region.  Shaded  areas  represent  zoogeographical  regions  after 
Bodenheimer  (1956). 

(1-4)    Sub-Regions  of  the  Paloearctic  region:     (1)  Euro-Siberian  Colchis 

Province;    (2)    Mediterranean;    (3)    Irano-Turanian;    (4)    Saharo-Sindian. 

(5)     Sub-Regions  of  the   Poloeotroplc  Region. 


Palestine,  and  its  basic  concepts  are  ac- 
cepted by  contemporary  Israeli  botanists 
(thus  Zohary,  1955;  Zohary  and  Feinbrun- 
Dothan,  1966).  Among  zoologists.  Boden- 
heimer (1935,  1937,  1953,  and  1956)  has 
been  its  chief  advocate. 

As  Figure  13  shows,  according  to  this 
arrangement,  the  area  dealt  with  in  this 
paper  is  divided  between  the  Irano-Tvuan- 
ian  and  the  Saharo-Sindian  sub-regions. 
It  must,  of  course,  be  realized  that  in 
nature  there  are  usually  no  sharp  bound- 
aries between  adjacent  zoogeographical 
regions  or  sub-regions,  but.  rather,  very 
broad  zones  of  overlap. 

In   one   respect,    Bodenheimer's    (Eig's) 


arrangement  is  a  revision  to  Sclater's 
(1858)  original  proposal.  In  Africa  and 
Southwestern  Asia,  Bodenheimer's  line 
separating  the  Mediterranean  and  Irano- 
Turanian  sub-regions,  on  the  one  hand, 
from  the  Saharo-Sindian  Sub-Region,  on 
the  other,  nearl\-  coincides  with  Sclater's 
border  between  the  Palearctic  Region,  on 
the  one  hand,  and  the  Ethiopian  and 
Indian  regions,  on  the  other  ( Bartholomew, 
ct  ciL,  1911:  pi.  2).  As  a  matter  of  fact,  in 
Southwestern  Asia  and  North  Africa,  at 
least,  Bodenheimer's  map  is  in  much  better 
agreement  with  recent  maps  of  soils,  rain- 
fall, and  vegetation  (e.g.,  Oxford  Univ. 
Press,  1960)  than  is  Wallace's  map. 
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We  shall  not  argue  here  the  merits  of 
either  biogeographical  sehenie;  our  obser- 
\ations  show  onl\-  too  well  that  the  time 
is  not  yet  ripe  for  a  synthetic  discussion  of 
the  herpetofauna  of  Southwestern  Asia.  Too 
man}'  of  the  species  are  insufficiently 
known  taxonomically,  to  sa\'  nothing  of 
their  biolog)",  ecology,  or  exact  distribution, 
which  are  almost  unknown.  Thus  the 
herpetological  material  in  itself  can  so  far 
contribute  little  to  zoogeographical  discus- 
sions. Having  briefly  mentioned  the  two 
principal  approaches  to  the  biogeography 
of  Southwestern  Asia,  we  shall  now  mereb' 
present  a  list  of  the  species  reported  here 
from  each  area. 

Regional   species   lists.    These   lists    are 
confined  to  material  reported  in  the  present 
paper.     Specimens    \\ithout    data    are    ex- 
cluded. 
Syria   (All  localities  are  within  the  range 

of  250-1000  m  above  sea  level). 

Acanihodactijlus    cf.    trisirami  urientalis 
Angel 

A.  rohiistus  F.  Werner 

A.  grandis  Boulenger 

Eremias    hrevirostris    hrevirostis    (Blan- 
ford) 
Arabia  (No  further  data). 

Stenodactylus  slevini  Haas 

Bunopus  tuhercuhtus  Blanford 

Cerastes  cerastes   (Linnaeus) 
Saudi  Arabia:   Along  the  Trans-Arabian 

Pipeline    (Tapllne)     (including    Turaif 

and  Al-Gaisumah). 

Aganm  cf.  persica  Blanford 

A.  persica  fieldi  subsp.  nov. 

A.  pallida  Reuss 

Uromastix  microlepis  Blanford 

Acanthodactijlus  hoskianus  asper 
( Audouin ) 

Eremias    giittidata    guttulata    (Lichten- 
stein ) 

E.  olivieri  ssp. 

E.  hrevirostris  cf.  hrevirostris  (Blanford) 

Scinciis  conirostris  Blanford 

Diplometopon  zarudnyi  Nikolski 
Arablan  Penlntsula  and  Bahrain  Isl.axd. 


(including  Dhahran,  Al-Uqair,  and 

Bahrain ) . 

Bunopus  hlaiifordii  Strauch 
iVRABiAN  Peninsula:  Trucial  Oman  Coast 

( including  Sharjah ) . 

Hemidactijlus  flaciciridis  Riippell 

Cijrtodactijlus  scahcr  (Heyden) 

Pristurus  cf.  rupestris  Blanford 

Phrijnocephalus  cf.  maculatus  Anderson 

Chalcides  ocellattis  ocellatus  Forskal 
Ihaq:  Slopes  of  the  Kurdistan  Mountains 

(including  Havdian  near  Ruwanduz). 

Laceria    irilineata     media     ( Lantz    and 
Cyren ) 

L.  cf.  strigata  Eich\\ald 

Mabuija  vittata  Olivier 

Coluber  jugularis  asianus  Bottger 

Vipera  lehefina  cf.  euphratica  (Martin) 
Iraq:  Qaara  Depression  North  of  Rutba 

(including   IPC   Station   H-2;   elevations 

between  250-1000  m). 

Agama  pallida  Reuss 

Eremias    guttulata    guttulata    (Lichten- 
stein ) 

E.  hrevirosirls  hrevirostris   (Blanford) 
Iraq:   Euphrates  Valley   (including  Abu 

Ghraib,  Haditha,  Lake  Habbaniya,  IPC 

Station  K-3,  IPC  Station  T-1;  elevations 

between  0-500  m  above  sea  level). 

Bunopus  tuhcrculatus  Blanford 

Ptyodactylus  hasselquistii  ssp. 

Agama  pallida  Reuss 

Acanthodactylus  hoskianus  asper 
( Audouin ) 

A.  scutellatus  hardyi  Haas 

A.  tristrami  iracensis  Schmidt 

Eremias    guttulata    guttulata     (Lichten- 
stein ) 

E.  hrevirostris  hrevirostris   (Blanford) 

Mahuya  aurata  septemtaeniata  Reuss 

M.  vittata  Olivier 

Eryx  jaculus  ssp. 

Natrix  tesscUata  tcssellata  (Laurenti) 

Coluher  ventromaculatus  Gray 
Iran:     Luristan     Mountains     (including 

Dorud,   Mazuo,   and  Zagheh;    all   above 

1000  m). 

Phyllodactylus  clisae  (F.  W^emer) 

Ophisops  clegans  cf.  elegans  Menetries 
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Tijphlops  cf.  vcimiciilaiis  Merrem 

Natrix  tcsscUuia  tcsscUota  (Laurenti) 
Iran:    Heshom    Plain    (including  Dizful, 

Gohvand,   Mahor  Birinji,   and   Shalgahi; 

all  between  0-500  m  above  sea  level). 

Bunopus  tuhcrciiJatus  Blanford 

Cijrtodactijhts  scahcr  (Heyden) 

Aiiama  aiiilis  ssp. 

A.  nupto  mipta  De  Filippi 

Uromosti.x  loricatus  Blanford 

Ophisops  clegans  cf.  elcf^ans  Menetries 

O.  elegons  ssp. 

Eremias  iiuttiilaia  wafsonana  Stoliczka 

E.  brcviro.siris  ficlcli  subsp.  nov. 

Mabiiyo  aurota  scpfemfocnioto  Reuss 

En/x  jacuhis  ssp. 

Natrix  fe.s.wUata  fes.scllato  (Laurenti) 

Coluber  rhodorachis  rhodorachis  (Jan) 

Eirenis  persica  J.  Anderson 

E.  coronella  cf.  coroncUa  (Schlegel) 

Wiynchocalomiis  sp. 

Psammophis  cf.  schokari  Forskal 

Woltcrinncsia  acfiyptia  Lataste 
West  Pakistan  (mainly  Baluchistan). 

Hemidoctyhi.s  flaviviridis  Riippell 

Calotes  versicolor  (Daudin) 

Agama  agilis  ogilis  ssp. 

A.  mclamira  Blyth 

A.   cauca.sica  ssp. 

Fhrynoccphalu.s  scutellutus  (Olivier) 

Acanthoductylu.s  cantoris  blanfordi 
Boulenger 

A.  micropholis  Blanford 

Eremias  giitttdata   wat.wnana   Stoliczka 

E.  breviro.sfris  brevirostris  (Blanford) 

Eumeces  zarudnyi  Nikolski 

Mabuya  macularia  Blyth 

Ophiomorus  fridactyhis  Blyth 

Cohdyer  veiitromacidatiis  Gray 

Psammophis  leithi  Giinther 

Eclus  cari)uitiis  (Schneider) 
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Plate  1.    A-C,  Slenodactylus  slevini,  MCZ  56507,    $  . 

A,  Head,  lateral  view. 

B,  Snout,  anterior  view. 

C,  Whole  specimen,  dorsal  view. 

D,   Prisfurus  cf.  rupesfris,  MCZ  56518,  throat. 

Scales:    A,  B,  and  D,  at  the  same  magnification,  mm;  C,  cm  and  mm. 
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Plate  2.    Agama  persica  lieldi  subspec. 


MCZ  56866,    S  ,  'ype.    Head,  lateral  view.    Scale:    mm. 
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Plate  3.    Agama  persico  fieldi  subspec.  nov.,  MCZ  56865,    $    paratype.    Head,  lateral  view.    Scale;    mm. 
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Plate  4.    Agama  persica  Heidi  subspec.  nov.,  MCZ  56866,    i  ,  type.  Right,  dorsal  view;  Left,  ventral  view.    Scale;    cm  and 
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Plate  6.    Agama  persica  fieldi  subspec.  nov.,  middorsal  scales  of: 
Above,  MCZ  56866,   $  ,  type. 
Below,  MCZ  56858,    9    of  "other  molerial.  ' 
Scale:     mm.     The  horizontal   scale   bar   (at  the   lower  right)    represents    1    per    cent    of    the    snout-vent    length    of    the 
respective  specimen. 


Plate  5.    Agomo  persica  fieldi  subspec.  nov.,  dorsal  views  of: 

A,  MCZ  56865,    9    paratype. 

B,  MCZ  56864,  juvenile  paratype. 

C,  MCZ  56853,    9    described  under  "other  material. 
All  at  the  same  magnification.    Scale:    cm  and  mm. 
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Plate  7.     Uromastix  micro/ep/s,  MCZ  56831    (FMNH  65908).     Juvenile,  dorsal  view.     Scale:    cm  and  mm. 


Plate  8.    A-C,   Acanlhodactylus  scufel/afus  hardyi. 

A,  MCZ  56652,  head,  dorsal  vlev^. 

B,  MCZ  56650,  head,  dorsal  view. 

C,  MCZ  56652,  right  foot. 

D,  Aconf/iodocfy/us  boskianus  osper,  MCZ  56643,  left  foot. 
All  at  the  same  magnification.    Scale:    mm. 
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Plate  9.    Acanthodaclylus  tristrami  iracensis,  MCZ  56654. 

A,  Head,  dorsal  view. 

B,  Head,  lateral  view. 

C,  Whole  specimen,  dorsal  view. 

D,  Left  foot. 

Scales:    A,  B,  and  D,  at  the  same  magnification,  mm;  C,  cm  and  mm. 
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Plate  10.    Acanthodactylus  robustus,  MCZ  56659. 

A,  Head,  lateral  view. 

B,  Head,  dorsal  view. 

C,  Left  foot. 

All  at  the  same  magnification.    Scale.-    mm. 
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Plate  11.    Acanfhodacfy/us  grandis,  MCZ  56644,  head.    Above,  dorsol  view;  Below,  lateral  view.     Both  at  the  same  magnifica- 
tion.   Scale:  mm. 
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Plate  12.    Acan\hodactylu%  spp,,  middorsal  scales  of: 

A,  A.  scufe/Zafus  hardy'i ,  MCI  56650. 

B,  A.  tristrami  iracensis,  MCZ  56654. 

C,  A.  robustus,  MCZ  56649. 

D,  A.  grandis,  MCZ  56644. 

Scales:  mm.     The  horizontal  scale  bar  (near  the  lower    right   of   each    figure)    represents    1    per  cent  of   the   snout- 
vent  length  of  each  specimen. 
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Plate  13.    Eremioi  breviroihis  brev/Vostr/s,  head,  dorsal  view,  of: 

A,  MCZ  56586,    S    from  northeastern  Syria  (snout-vent:    50  mm). 

B,  MCZ  56588,  from  Iraq  (Lake  Habbaniyo)  (snout-vent:    43  mm). 

C,  MCZ  56592,    6    from  Iraq  (Lake  Habbaniyo)  (snout-vent:    60  mm) 

D,  MCZ  56571,    $    from  Saudi  Arabia  (snout-vent:    41   mm). 
Scales:    A,  B,  and  C,  mm;  D,  mm  and  half-mm. 
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Plate  14.    Eremias  brevirostns  brev/rosfr/s,  head,  lateral  view,  of: 

A,  MCZ  56586,    S    from  nortfieastern  Syria  (snout-vent:   50  mm). 

B,  MCZ  56587,    9    from  eastern  Syria  (snout-vent:   45  mm). 

C,  MCZ  56592,    c5    from  Iraq  (Lake  Hobbaniya)  (snout-vent:   60  mm) 

D,  MCZ  56656,    9   from  Iraq  (Station  K-3)  (snout-venf:  50  mm). 
All  at  the  same  magnification.    Scales:   mm. 


396 


Bulletin  Museinn  of  Coiuparativr  Zoology,  Vol.   138,  No.  6 


■ 

^Kj^'ki^M 

w  yMm..  '"    i^HHSiJBI^biH^ijMi- 

^^^^^^H 

H 

^1 

^^^^^^^^K'' 

^^^^^b'^ 

-                 -11,1  i'||tflC7l''l|  iilI  " ' '     " 

i 

^^^^m^^i 

^^^^^^^^^^^^^^^^^■"^ 

^mm^mm^mm 

l.LLL 


Plate  15.   Eremias  brev'noslris  brevirostris,  head  of: 

A,  MCZ  56567,    c5    from  Saudi  Arabia,  dorsal  view  (snout-vent:  47  mm). 

B,  MCZ  56571,    $    from  Saudi  Arabia,  lateral  view  (snout-vent:  41   mm). 

C,  D,   MCZ  54441,  from  West  Pakistan  (snout-vent:   ca.  41   mm);  C,  dorsal  view,  D,  lateral  view. 
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Plate   16.   Eremias  brevirosfris   fie/di  subspec.    nov.,   MCZ  56617,     ,{,  ,    type    (snout-vent    58    mm),    head.     Above,    dorsal    view; 
Below,  lateral  view.     Both  at  the  same  magnification.     Scale:    mm. 
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Plate    17.   Erem'ias    brevirostris   fieldi   subspec.    nov.,    MCZ    56618,     9     paratype    (snout-vent:   61     mm),    head.      Above,    dorsal 
view;   Below,  lateral  view.    Both  at  the  same  magnification.     Scale:    mm. 
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PIcte  18.   Eremias  breviroitrh  sspp.,  middorsal  scales  of: 
A,  B,  E.  b.  fieldi: 

A,  MCZ  56618,    5    paratype. 

B,  MCZ  56617,    i  ,  type. 
C-F,   E.  b.  brevirostris: 

C,  MCZ  56567,    6    from  Arabia. 

D,  MCZ  56592,    S    from  Iraq. 

E,  MCZ  56587,    9   from  Syria. 

F,  MCZ  54441,  from  West  Pakistan. 

Scales:    mm.     The   horizontal    scale   bar    (near   the   lower  right  of  each  figure)  represents  1   per  cent  of  the  snout-vent 
length  of  each  specimen. 
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Plate    19.   Coluber  rhodorachis   rhodorachis,   MCZ   58872,    from    Iran    (Mahor    Birinji):   Above,    whole    specimen;    Below,    head, 
dorsolateral  view.     Scale:   cm  and  mm. 
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Plate  20.  Rhynchocalamus  sp.,  MCZ  56877,  from  Iran  (Shalgahi):  Left,  whole  specimen;  Right,  head,  dorsolateral  view.  Scales: 
cm  and  mm. 
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Plate  21.    Waherinnesia  aegyptia,   MCZ  56878,   from    Iran    (Mahor  Birinji).     Scale:  cm  and  mm. 
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ABSTRACT 

Poecilozonites,  an  endemic  element  of 
the  Bermudian  waif  biota,  is  a  remarkable 
genus  of  pulmonale  land  snails  that  has 
undergone  an  adapti\c  radiation  compar- 
able in  scope  with  the  classic  insular 
speciation  and  ecologic  differentiation  of 
Darwin's  finches.    This  studv  considers  all 
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Pleistocene  and  Recent  taxa  of  the  sub- 
genus P.  (Poecilozonites)  and  represents 
an  attempt  to  treat  evolutionary  problems 
with  the  techniques  of  multivariate  biom- 
etr\'. 

The  ontogeny  of  Poecilozonites  is  char- 
acterized by  complex  allometric  trends 
generated  by  the  interplay  of  protoconch 
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dimensions  and  post-natal  growth  gra- 
dients. Comparisons  among  samples  must 
be  based  upon  non-redundant  variables 
considered  at  a  uniform  shell  size;  tech- 
niques are  presented  for  reducing  raw  data 
to  meet  these  specifications. 

An  alternating  sequence  of  glacial  red 
soils  and  interglacial  carbonates  fonns  the 
geologic  column  of  Pleistocene  Bermuda. 
Red  soils  represent  weathering  at  times  of 
low  sea  level  when  modern  Bermuda  was 
at  the  interior  of  a  land  mass  ten  times  its 
present  size.  Marine  and  eohan  carbonates 
reflect  the  high  sea  levels  of  interglacial 
periods. 

The  polytypic  species  P.  cupula  includes 
three  former  "species" — P.   cupula   cupula 
(Gulick),  P.  cupula  dalli  (Gulick),  and  P. 
cupula  cupuloidcs   (Peile) — and  two  new 
forms — P.      cupula     triangularis     and     P. 
cupula  multispira.    These  taxa  conform  to 
modern  requirements  for  subspecies:  each 
is    morphologically    distinct,    continuously 
distributed  in  time,  and  uniquely  located  in 
a  segment  of  the  species  range  shared  by 
no  other  conspecific  form.   Four  subspecies 
exhibit    a    four-state    color   poKmorphism; 
the     fifth,     P.     cupula     cupula,     probably 
evolved    from    a    local    population    of    P. 
cupula  cupuloidcs  that  had  stabihzed  the 
most  intensely  colored  moiph.    Tliis   sup- 
position   is    supported    by    the    pervasive 
positive  correlation  between  size  and  color 
intensity;  P.  c.  cupula  is  largest  among  the 
subspecies,    while    shells    of    the    strongly 
colored  morph  exceed  others  in  size  both 
within  and  among  local  populations  of  P. 
c.  cupuloidcs.    Tlie  species  became  extinct 
about   120,000  years   ago   when   Bennuda 
was   nearly   inundated   by   a   eustatic   rise 
that  exceeded  the  present  sea  level  by  20 
meters. 

The  typological  compendium  of  shapes 
that  formed  the  previous  classification  of 
giant  P.  nelsoni  is  superseded  by  an 
arrangement  based  on  criteria  of  the 
biological  species  concept.  The  geographic 
distribution  of  morphological  variation 
within  red-soil  samples   indicates   that   all 


belong  to  a  single  subspecies,  P.  nehoni 
nelsoni  (Bland).  The  smaller  thick-shelled 
eolianite  fonn,  P.  nelsoni  callosus  Gulick, 
is  found  in  strata  sandwiched  between  the 
two  red  soils  in  which  P.  n.  nelsoni  occurs. 
The  literal  interpretation  of  chronological 
subspecies  in  zig-zag  evolution  is  not  ac- 
cepted; the  two  taxa  are  geographic  sub- 
species, migrating  with  their  preferred 
environments.  A  closely  allied  species,  P. 
superior  sp.  nov.,  lived  sympatrically  with 
P.  nelsoni:  it  too  developed  red-soil  (P.  s. 
superior  subsp.  nov.)  and  eohanite  (P.  s. 
arenicolus  subsp.  nov.)  forms.  The  eoli- 
anite taxa  of  both  species  display  a  set 
of  features  adapted  to  warm  interglacial 
climates  and  high  calcium  content  of  the 
carbonate  dunes. 

During  the  last  300,000  years,  the  con- 
servative, central  stock  of  P.  hermudensis 
(P.   /;.   zonatus  \'errill)    has  given  rise,  in 
iterative    fashion,    to    four    similar,    paedo- 
morphic  offshoots:  P.  h.  fasolti,  P.  h.  sieglin- 
doe,  P.  h.  seigmundi  (all  new),  and  P.  h. 
bcrmuden.sis    (Pfeiffer).    At    adult    sizes, 
each   is,    in    comparison   with    the    central 
stock,  more  weakly  colored,  thinner  shelled, 
relatively  wider,  and  more  weakly  domed; 
these  are  the  outstanding  juvenile  features 
of   P.    h.    zonatus.     The   paedomorphs    are 
distinct   genetic   entities,   not   environmen- 
tally produced  variants:   they  arise  at  the 
periphery   of   ancestral   geographic  ranges 
and    lose    genes    that    characterize    adult 
stages  of  their  non-paedomorphic  progeni- 
tors.   The  adaptive  significance  of  paedo- 
morphosis  may  be  related  to  the  advantages 
of  thin  shells  in  the  lo\\'  calcium  environ- 
ment of  red  soils.  No  paedomorphs  evoked 
in    dune    environments    while    the    most 
intensely  paedomorphic  species  developed 
in  red  soils. 

In  addition  to  branching,  P.  bermudensis 
zonatus  itself  displays  fluctuating  trends  in 
morphology  that  correspond  to  ice-age 
climatic  oscillations.  Shells  are  thinner  and 
smaller  at  a  given  whorl  number  in  red 
soils,  thicker  and  larger  in  eolianites. 
Modern  land  snails,  exposed  to  a  chmatic 
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range  similar  to  that  of  the  Bermudian 
Pleistocene,  exhibit  the  same  trends  in  shell 
form.  Again,  the  thin  shells  of  red  soils 
reflect  an  environmental  deficiency  of 
calcium  for  shell  construction. 

P.  hernmdcnsis  and  P.  cupula,  although 
wideh'  oxerlapping  in  range,  occupied  dif- 
ferent ecological  realms  and  did  not 
ordinarily  inhabit  the  same  locale.  The 
two  known  instances  of  contact  produced 
interspecific  hybrids. 

PREFACE 

My  first  meeting  with  Poecilozonites  was 
an  accident.  While  rummaging  through 
the  fossil  collection  of  Antioch  College  in 
1962,  I  was  attracted  to  a  1944  newspaper 
headline — "Red  Arm\"  Dri\'es  for  \\'ar- 
saw" — and  found  the  R.  W.  Sayles  col- 
lection of  Bermudian  snails  underneath. 
I  resolved  to  study  this  remarkably  diversi- 
fied endemic  genus  and,  after  the  usual 
scaling  down  of  initial  plans,  produced  a 
Ph.D.  dissertation  on  the  species  P.  cupula 
and  P.  hcrmudensis  in  1967.  To  this,  I  have 
now  added  studies  of  P.  nelsoni  and  P. 
superior,  thus  completing  the  subgenus  P. 
(Poecilozonites).  I  have  collected  snails 
from  all  known  Bermudian  localities  and 
ha\e  seen  the  museum  collections  of  all 
previous  workers. 

Quantitative  techniques  were  indispen- 
sable in  deciphering  the  evolutionary  his- 
tory of  this  subgenus.  I  used  44  \ariables 
to  characterize  1560  specimens  and  exam- 
ined thousands  more.  The  techniques, 
though  suitable  for  numerical  taxonomy, 
are  used  here  for  another  puqDOse — to 
extract  evolutionar\-  data  from  shells  be- 
longing to  well-established  taxa. 

Five  evolutionary  essays  (Chapters  5- 
10)  form  the  heart  of  this  work.  I  have 
tried  to  structure  each  essay  about  a  major 
issue  in  the  evolutionary  biology  of  pul- 
monates  (the  nomenclature  and  cause  of 
exuberant  morphological  diversity  in  Chap- 
ter 6,  the  biospecies  in  paleontology  in 
Chapter  7,  the  relationship  of  fonn  and 
environment  in  Chapter  9).    1  hope   that 


readers  lacking  time  for  the  entire  work 
will  concentrate  on  these  essavs.  In  this 
expectation,  I  ha\e  tried  to  give  them  a 
dual  status — as  part  of  a  unified  whole 
and  as  independent  entities.  To  enhance 
the  second  role,  I  have  eliminated  termi- 
nology depending  on  earlier  chapters 
(computer  code  names  for  variables,  for 
example)  and  have  minimized  the  neces- 
sary preliminary  reading  (only  Chapters 
2A,  4,  and  5A  need  be  skimmed  first). 

It  is  easy,  after  a  work  is  completed,  to 
see  its  shortcomings.  My  quantitative 
comparisons  among  samples,  for  example, 
are  based  only  upon  differences  among 
means.  While  variances  were  used  to  test 
the  statistical  significance  of  mean  differ- 
ences for  all  major  conclusions,  this  use  of 
variance  as  a  tool  does  not  exploit  its  full 
potentiality,  for  differences  in  variation 
may  be  as  important  as  differences  in 
means.  It  is  only  our  residual  typological 
bias  that  directs  us  to  the  latter  path.  In 
1903,  Gulick  noted,  quite  correctly,  that  a 
major  difference  between  P.  nelsoni  call- 
osus  and  P.  nelsoni  nelsoni  lay  in  the 
lowered  variabilit\-  of  spire  height  in  the 
former. 

I  am  especially  indebted  to  my  teachers 
and  advisors  at  Columbia  University:  R.  L. 
Batten,  J.  Imbrie,  N.  D.  Newell,  B.'Schaef- 
fer.  T.  R.  Waller  adapted  his  program 
DAS  AN  for  m\"  use;  had  I  known  the 
magnitude  of  required  effort,  I  would  not 
have  dared  to  make  the  request.  R.  Turner 
kindly  aided  me  in  dissections.  W.  S. 
Broecker  and  D.  Thurber  supplied  radio- 
chemical dates.  The  curators  of  several 
museums  have  provided  both  hospitality 
and  specimens:  R.  T.  Abbott  and  R.  Rob- 
ertson of  the  Philadelphia  Academy  of 
Natural  Sciences,  J.  F.  White  of  Antioch 
College,  L.  Mowbray  and  F.  Higgenbottom 
of  the  Bermuda  Museum,  W.  Clench  of 
the  Museum  of  Comparative  Zoology,  C. 
MacClintock  of  Yale  University,  N.  D. 
Newell  and  R.  L.  Batten  of  the  American 
Museum  of  Natural  History.  W.  Sutcliffe, 
director  of  the  Bennuda  Biological  Station, 
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opened  the  facilities  of  that  institution  to 
me.  This  work  is  Contribution  No.  466 
of  the  Bermuda  Biological  Station,  sup- 
ported, in  part,  by  N.S.F.  grant  GA901.  F. 
T.  Mackenzie  and  L.  Land  spent  three  sum- 
mers puzzling  over  problems  of  Bermudian 
geology  \\'ith  me.  I  was  aided  in  field 
collecting  by  F.  T.  Mackenzie,  L.  Land, 
G.  Greiner,  G.  Brunskill,  M.  Hamilton,  and 
a  host  of  Bermudian  children  who  curiously 
watched  and  sometimes  aided  while  a 
stranger  hammered  at  their  roadcuts.  I 
particularh'  thank  the  anon)Tnous  four- 
year-old  who  found  the  type  specimen  of 
P.  cupula  multispira.  K.  E.  Chave,  R. 
Schmalz,  H.  B.  RolHns,  and  N.  Eldredge 
have  contributed  valuable  suggestions.  M. 
Rosenberg,  R.  Houston,  C.  Jones,  and  S. 
Brocoum  compensated  for  m>'  artistic  in- 
adequacies by  preparing  the  figures.  I 
thank  R.  Adlington  for  photography  and 
E.  Gould  and  A.  Pilot  for  t\ping  various 
drafts  of  the  manuscript.  The  traditional 
mea  culpa  for  remaining  errors  applies,  of 
course. 

I.    INTRODUCTION 

A)    Time  in  Paleontology 

Paleontologists  like  myself  who  were  at- 
tracted to  their  profession  b)'  the  excitement 
of  evolutionary  theory  are  often  chided  by 
other  evolutionists  for  entering  an  "unpro- 
ductive" area  of  the  field.  The  difficult}- 
of  drawing  sound  conclusions  from  material 
so  inherently  limited  is  often  discouraging, 
so  much  so  that  were  it  not  for  one  unique 
attribute,  I  doubt  that  many  evolutionists 
would  seriouslv  consider  the  studv  of 
paleontology.  That  attribute  is,  of  course, 
time.  I  doubt  that  principles  derived  from 
studies  of  living  populations  carried  out  in 
the  course  of  a  man's  lifetime  can  provide 
a  completely  satisfactory  model  for  proc- 
esses occurring  during  the  millennia  that 
elapse  in  the  history  of  nearly  every  signifi- 
cant phylogenetic  event.  At  the  least, 
paleontologists  must  be  consulted  to  assess 
the  consistency  of  principles  derived  from 
studies  of  living  animals  with  the  events 


of  life's  history;  at  best,  direct  consideration 
of  the  fourth  dimension  will  provide  new 
themes.  An  incoriDoration  of  insights  gained 
from  the  study  of  vast  time  spans  might 
increase  the  generality  of  evolutionary 
theorv'  in  much  the  same  way  that  a  con- 
sideration of  high  velocities  modified  New- 
tonian physics. 

If  time,  in  the  sense  of  duration,  is  the 
desired  quantity,  then  chronological  place- 
ment of  this  segment  assumes  no  great 
importance — 1  2  million  years  of  the 
Pliocene  seems  as  desirable  as  an  equal 
slice  of  the  Cambrian.  Given  the  inherent 
difficulties  of  paleontological  studies,  a 
time  slice  as  close  as  possible  to  the  present 
presents  many  strong  advantages;  preser- 
vation of  fossils  is  apt  to  be  good  and 
closely  related  living  populations  pro\dde 
a  rich  source  for  genetic  and  ecologic 
inferences. 

B)   An  Evolutionary  Microcosm 

I  have  chosen  a  small  time  slice,  a  period 
bounded  by  the  present  and  extending 
back  into  the  Pleistocene  no  further  than 
500,000  \'ears.  Furthermore,  this  study  is 
restricted  to  a  subgenus  of  land  snails 
endemic  to  the  Bermuda  Islands,  now  19% 
square  miles  in  area.  Thus,  the  title  of  this 
work — An  E\olutionary  Microcosm.  That 
such  severe  substantive  limitation  is  often 
required  for  the  abstraction  of  general  con- 
clusions seems  ironic,  but  explanation  of  a 
ph\'logenetic  e\ent — the  subsumption  of  its 
antecedent  conditions  under  general  laws 
of  e\'olutionary  theory — requires  the  reduc- 
tion of  those  conditions  to  manageable 
proportions  by  the  elimination  of  confusing 
\ariables.  And  it  is  from  series  of  such 
explanations  that  general  conclusions  can  be 
formulated  concerning  the  operation  of  e\'o- 
lutionary  j^rocesses  in  the  history  of  life. 

In  this  study,  the  major  advantages  of 
a  twofold  substanti\e  limitation  are  as 
follows : 

1.  Of  a  small  time  slice  including  the 
present: 

a)  Fine  stratigraphic  control  can  be  at- 
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tained  in  Bermuda,  where  10  formations 
(7  bearing  abundant  specimens  of  Poecilo- 
zonitcs)  span  no  more  than  1/2  milhon 
\ears.  Very  close  approaches  to  con- 
temporaneit)   in  correlations  are  possible. 

b)  With  the  time  separating  samples  in 
\-ertical  sequences  measured  in  years  rather 
than  millennia,  the  possibilit\-  of  finding 
successional  populations  in  true  genetic 
continuity  is  greatly  enhanced.  Most  phy- 
logenies  established  from  fossil  data,  on 
the  other  hand,  are  reasonable  morphologic 
series  whose  major  virtue  compared  with 
ph>logenies  derived  from  modern  forms  is 
not  that  true  ancestors  are  discovered  but 
rather  that  the  inferred  phylogen\-  is  not 
inconsistent  with  temporal  requirements  for 
the  actual  sequence. 

c  )  Specimens  are  widespread,  abundant, 
easy  to  prepare,  and  excellently  preserved. 
Preservation  of  coloration  patterns,  suffi- 
ciently rare  in  Paleozoic  and  Mesozoic 
fossils  to  warrant  special  notice  (e.g.. 
Foerste.  1930;  Hayasaka,  1953;  Stokes  and 
Stifel,  1964),  approaches  100  per  cent  in 
these  snails.  The  invaluable  nature  of  color 
markings  in  infraspecific  studies  of  land 
snails  is  evident  in  all  the  major  works  of 
this  centurv' — the  studies  of  Cepaea  (re- 
viewed in  Harvev,  1964).  Partuh  (Cramp- 
ton,  1916,  1925,  1932),  Achatinella  (  Gulick. 
1905;  Welch,  1938,  1942,  1958),  and  Liouus 
(Pilsbr>%  1912).  Pleistocene  color  patterns 
in  land  snails  have  been  briefly  considered 
by  Diver  (1929)  and  Owen  '(1963.  1965, 
1966).  Absence  of  the  protoconch,  a  handi- 
cap requiring  the  use  of  dubious  approxi- 
mations in  the  estimate  of  whorl  numbers 
(e.g.,  Young.  1952.  and  Sadlick  and  Niel- 
son.  1963),  is  a  great  hindrance  to  the 
biometric  study  of  Paleozoic  snails.  The 
importance  both  of  protoconch  variables 
themselves  and  of  the  precision  gained  in 
unambiguous  specification  of  whorl  num- 
ber is  evident  in  the  recent  monograph  of 
Fischer,  Rodda,  and  Dietrich  (1964).  Dis- 
cernible protoconchs  remain  in  more  than 
95  per  cent  of  the  Bermudian  specimens, 
d)    One    of    the    three    species    of    P. 


(Poecilozonites)  has  living  representatives. 
P.  bcrmttdcnsis  hcnniidensis  is  easily  reared 

and  bred  in  the  laboratory. 

2.    Of  a  small  and   isolated  geographic 
area: 

a)  The  effects  of  migration  in  the  con- 
founding of  phyletic  inferences  is  virtually 
removed.  \\'ith  the  exception  of  some 
Pacific  islands,  Bermuda  is  as  isolated  a 
spot  of  land  as  anywhere  on  the  globe; 
Poecilozonites  is  a  highly  distinct  endemic 
genus  whose  ancestors  reached  Bermuda 
long  before  deposition  of  the  preserved 
Pleistocene  sequence.  Migration  is  no  minor 
problem.  The  two  most  famous  invertebrate 
fossil  phylogenies,  those  of  the  echinoid 
Micraster  and  the  bivalve  Grijphaea,  have 
recenth-  come  under  attack  with  claims  that 
an  inferred  in  situ  e\olutionar\'  sequence  is 
better  interpreted  as  a  migration  of  the  "de- 
rived" fomi  from  another  area.  Thus,  Nichols 
(1959)  believes  that  Micraster  senonensis 
invaded  the  range  of  M.  coiiestudinarium 
Init  did  not  split  off  from  it;  and  Hallam 
( 1962 )  attributes  to  migration  from  else- 
where the  first  appearance  of  Grypliaea  in 
the  Lias  of  Britain. 

The  elimination  of  confusing  variables  in 
island  situations  has  been  stressed  bv 
Miller  ( 1966:  16):  "\A'e  can  see  the  events 
of  extinction,  supplanting  and  mixture 
which  are  so  complex  on  continents  as 
usually  to  defy  interj^retation.  Island  sit- 
uations are  akin  to  simple  lab  tests,  and 
from  them  principles  mav"  be  detemiined 
that  are  applicable  to  the  whole  evolution- 
ary process  that  moves  forward  on  the 
continents  or  in  the  ocean  basins." 

b)  With  a  very  few  square  miles  to 
explore  and  abundant  specimens  widely 
distributed,  collections  cover  a  large  per- 
centage of  the  total  inhabitable  area.  Hecht 
(1965:  309)  remarked  that  "If  the  basic 
principle  of  allopatric  speciation  is  true, 
then  the  particular  difficulties  of  paleon- 
tological  research  can  make  it  nearlv-  im- 
possible to  demonstrate  the  origin  of 
species  bv-  knovvii  processes  of  speciation." 
In   certain    cases,   however,    temporal   and 
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geographic  resolution  in  Bermuda  is  suffi- 
cient to  demonstrate  that  phyletic  spHtting 
occurred  at  the  periphery  of  species  ranges. 

C)   Previous  Sfudies  of  Pleistocene  Pulmo- 
notes  and  Prospectus  for  this  Work 

Extensive  and  excellent  studies  of  Pleisto- 
cene pulmonates  have  been  undertaken  by 
paleontologists  who  find  in  their  distribution 
patterns  a  record  of  ice  age  climatic  fluctu- 
ations. Although  extinction  is  frequently 
observed,  a  surprising  result  of  these  studies 
is  the  extreme  paucity  of  evidence  for  the 
origin  of  any  new  taxa,  either  by  speciation 
or  phvletic  evolution,  during  the  Pleisto- 
cene. According  to  F.  C.  Baker  (1937:  72), 
"the  majority  of  the  species  lived  through- 
out the  entire  Pleistocene  epoch  \\'ith  but 
little  change."  Franzen  and  Leonard  (1947: 
394)  found  that  "the  pupillids  of  Kansas 
and  of  the  adjoining  areas  included  in  this 
study  do  not  present  a  study  of  evolution- 
ary progression."  D.  W.  Taylor,  in  his 
monograph  on  western  North  American 
forms,  could  cite  but  one  doubtful  case  of 
origination,  the  derivation  of  Gastrocopta 
crisfato  and  G.  proccra  from  G.  franzenae 
on  the  dubious  criterion  that  the  ancestor's 
"range  of  variation  includes  specimens 
similar  to  both  of  the  recent  species"  ( 1960: 
93).  Taylor  believes,  however,  that  this 
split  may  have  been  pre-Pleistocene.  Hib- 
bard  and  Taylor  (1960),  studying  (1960: 
5)  the  "most  nearly  complete  latest  Ceno- 
zoic  faunal  succession  that  is  known  for  a 
small  area  anywhere  in  the  world,"  dis- 
covered only  one  tentative  origin,  the 
derivation  of  Promenefus  exaciious  cxa- 
ciious  from  P.  exacuou.s  kansasensis  during 
the  late  Pleistocene.  Commenting  further 
on  this  case,  Taylor  (1965:  605)  notes  that 
"this  interpretation  is  entirely  speculative; 
if  valid,  it  would  be  the  only  exception  to 
the  statement  that  the  effects  of  the  Pleisto- 
cene have  been  entirely  destructive,  not 
creati\  e,  at  the  specific  level."  And  further, 
(1965:  602)  "The  span  of  Pleistocene  times 
has  been  brief  compared  to  the  duration  of 
moUuscan  species  as  identified  by  shells." 


Lozek,  the  major  European  student  of 
Pleistocene  pulmonates,  finds  that  extinc- 
tion of  some  forms  is  the  only  stratigraphic 
(i.e.,  evolutionary)  significance  of  these 
mollu.sks  (1965). 

I  find  this  surprising,  because  modern 
studies  would  indicate  that  pulmonate  land 
snails,  with  their  small  populations,  seden- 
tary habits,  and  rapid  adaptive  response 
to  selective  pressures  of  environment  and 
predators,  are  unexcelled  among  metazoa 
as  material  for  evolutionary  investigation. 
Welch  ( 1942 ) ,  for  example,  described  75 
subspecies  and  60  geographic  races  of  the 
Hawaiian  tree  snail  Achatinello  ape.xfuha; 
and  though  we  may  question  the  categorical 
ranking  of  his  taxa,  the  diversity  is  real  and 
cannot  possibly  represent  a  situation  in 
statu  quo  since  the  Pliocene.  We  must 
therefore  ask  whether  the  discrepancy  bet- 
ween Pleistocene  and  Recent  studies  is 
real  or  is  an  artifact  of  limitations  in  evi- 
dence or  approach.  A  few  arguments  for 
real  distinction  may  be  advanced — most 
Pleistocene  studies  are  of  rather  homogene- 
ous continental  areas,  while  many  of  the 
best-known  modern  forms  inhabit  island 
chains  and  have  diversified  in  a  manner 
characteristic  of  such  habitats — but  I  be- 
lieve that  the  following  reasons  strongly 
suggest  that  the  observed  differences  are 
artificial: 

1.  A  question  of  semantics:  The  criterion 
employed  by  paleontologists  for  recognition 
of  evolutionary  origin  is  specific  or  at  least 
subspecific  difference  (variously  defined) 
in  shell  morphology.  Paleontologists  have 
generally  not  looked  for  the  patterns  of 
infraspecific  diversity  that  provide  most 
of  our  evolutionary  data  on  Recent  land 
snails. 

2.  Definitions  color  thought:  Given  this 
criterion  and  the  null  result  of  its  appli- 
cation, the  paleontologist  is  encouraged  to 
regard  the  Pleistocene  land  snail  species 
as  a  static  indicator  of  a  specified  environ- 
ment. 

3.  A  question  of  interests:  Pleistocene 
climate  and  stratigraphy,  rather  than  evolu- 
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tion,   is   the   focus   of  interest   brought   to 
most  of  the  paleontological  studies. 

4.  Interests  designate  methodology:  The 
quantitative  methods  required  to  discern 
patterns  of  infraspecific  variation  are  not 
used  by  paleontologists,  who  employ  an 
abundance  approach  to  map  the  geographic 
distribution  of  static  entities. 

5.  Material  limitations:  Much  of  the 
Pleistocene  fossil  material  is  not  well  suited 
to  evolutionary  stud\-.  Genetically  signifi- 
cant infraspecific  \ariation  has  been  most 
often  noted  in  patterns  of  coloration,  not 
in  the  linear  dimensions  and  ratios  of  gross 
morphology.  If  color  is  not  preserved, 
main-  well-differentiated  geographic  iso- 
lates meriting  taxonomic  distinction  under 
precepts  of  the  biological  species  concept 
ma\'  be  unrecognizable. 

I  do  not  want  this  list  to  be  read  as  a 
criticism  of  previous  paleontological  en- 
deavor. I  merely  point  out  that  Pleistocene 
land  snails  have  not  yet  been  approached 
by  paleontologists  whose  interests  and 
methods  are  directed  towards  the  gathering 
of  data  on  the  operation  of  evolutionary 
processes  in  time. 

This  study,  then,  is  a  probe  in  these 
evolutionary  directions;  it  represents  an  at- 
tempt to  deal  with  four  questions  which 
epitomize  the  types  of  description  and 
explanation  most  relevant  to  such  work: 

1.  Can  coherent  patterns  of  morphologic 
variation  in  space  and  time  be  defined 
[here  quantitatively]? 

2.  Can  an  e\'olutionar>-  histor\-  be  inferred 
from  these  patterns? 

3.  Can  the  operation  of  definite  evolu- 
tionary processes  be  identified  as  produc- 
tive of  this  history?  In  other  words,  can 
the  efficient  cause  of  observed  evolutionary 
changes  be  specified? 

4.  Can  the  adaptive  advantage  of  modi- 
fied morphologies  be  ascertained?  [Here, 
in  particular,  is  there  a  simple  relation 
between  such  changes  and  climatic  fluctu- 
ations of  the  Bermudian  Pleistocene?]  In 
other  words,  can  the  final  cause  of  ob- 
served evolutionary  changes  be  inferred? 


II.    BACKGROUND  TO  THIS  STUDY 

A)    The  Geology  of  Bermuda 

Malacological     problems     must     be     solved 
within   the  framework  of  geology. 

Lozek,    1965:   205 

Since  the  geological  work  of  Land, 
Mackenzie,  and  m\self  has  appeared  else- 
where (Land,  \Iackenzie,  and  Gould, 
1967),  this  section  will  contain  only  a 
general  statement,  a  geologic  section  and 
those  details  required  as  background  to  the 
PoeciJozonitcs  study. 

Tlie  Pleistocene  sequence  of  Bermuda  is 
a  complex  alternating  and  intertonguing 
series  of  marine  limestones  (shallow  water 
and  intertidal),  wind-deposited  carbon- 
ate dunes  (eolianites),  and  red  soils. 
Poecilozonites  is  found  in  the  eolianites 
and  red  soils,  being  particularly  abundant 
in  unindurated  zones  of  the  eolianites 
(areas  vegetated  during  pauses  in  dune 
accumulation).  Few  snails  lived  in  the 
inhospitable  dunes  and  few  shells  survived 
the  solutional  weathering  which  occurred 
after  burial  in  red  soils. 

The  challenge  of  Bermudian  geology  is 
to  inteq^ret  these  environments  of  deposi- 
tion in  terms  of  a  synthesizing  concept  or 
independent  \ariable — the  rise  and  fall 
of  the  Pleistocene  sea. 

Sayles's  (1931)  idea  that  glacially-deter- 
mined eustatic  movements  could  account 
for  the  sequence  of  strata  on  Bermuda 
established  a  theme  which,  in  Bretz's  words 
(1960:  1753),  "...  probably  will  never  be 
superseded."  Eolianites  and  soils,  which 
had  not  been  given  separate  formational 
status  b\-  previous  workers,  became,  for 
Sayles,  the  markers  of  glacial  and  inter- 
glacial  times.  He  correlated  times  of 
eolianite  formation  with  glacial  episodes, 
suggesting  that  lowered  sea  level  exposed  a 
source  of  sand  which,  blown  by  strong 
winds  and  unimpeded  by  vegetation,  mi- 
grated as  desert  dunes  to  form  the  present 
islands.  Rising  interglacial  seas  cut  off  the 
source  of  supply,  and  such  periods  were 
recorded     by     extensive     soil     formation. 
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Table  1.     Stratigraphic  column  of  Bermuda 


Fomiation 


Recent 
Southampton 

St.  George's 

Spencer's  Point 

Pembroke 

Harrington 

Devonshire 
Shore  Hills 
Belmont 
soil   (?) 
Walsingham 


Descriprion 


Interpretation 


poorly  developed  brownish  soil  or  crust 

complex  of  eolianites  and  discontinuous  unindurated  zones 

red  paleosol  of  island  wide  extent 


well-de\eloped  red  paleosol  of  island  wide  extent 
complex  shallow  water  marine,  beach  and  dune  facies 
a  reddened  surface  rarely  seen  in  the  Walsingham  district 
highly  altered  eolianites 


interglacial 
glacial 


intertidal  marine,  beach  and  dune  facies 

extensive  eolianites  and  discontinuous  unindurated  zones 

fairly  continuous  unindurated  layer  with  shallow  water  marine  and       interglacial 

beach  facies 
intertidal  marine  and  poorly  de\eloped  dune  facies 


glacial 
interglacial 
Pglacial? 
interglacial 


Sayles's  stratigraphic  column  is  the  basis 
for  that  adopted  here. 

Bretz  (1960)  accepted  the  eustatic 
control  of  soil-eolianite  alterations,  but 
completely  reversed  Sayles's  scheme.  He 
proposed  that  "...  the  BeiTnuda  dunes  are 
coastal  deposits,  tied  closely  to  their  source 
of  sand,  the  beach.  Their  fixation  was 
prompt  because  of  incipient  cementation. 
They  did  not  wander  inland"  (p.  1747). 
The  substitution  by  Bretz  of  rapidly- 
cemented  coastal  dunes  for  Sayles's  mi- 
grating desert  dunes  leads  to  a  correlation 
of  eolianite  deposition  with  the  high 
sea  stands  of  interglacial  periods.  Dur- 
ing glacial  times,  when  the  sea  stood 
a  few  hundred  feet  below  the  present  plat- 
form, soils  formed  over  the  area  of  modern 
Bermuda. 

The  stratigraphic  column  of  Bermuda  is 
presented  as  Table  1.  The  following  nota- 
tions summarize  the  Pleistocene  history  of 
Bermuda  in  the  context  of  these  formational 
names. 

Walsingham:  The  Walsingliam  Formation,  a 
complex  of  eolianites,  imderlies  Belmont  marine 
limestone  in  many  areas  of  the  Walsingham  dis- 
trict (best  seen  at  locality  5 — Government  Quarry 
— see  Fig.  1  for  a  map  of  Bermuda ) .  A  reddish  soil 
of  unknown  significance  makes  up  part  of  the  Wal- 
singham complex  at  localities  5  and  9.  The  soil 
seems  too  persistent  and  strongly  developed  to  rep- 


resent a  mere  pause  in  dune  accumulation,  yet  it 
lacks  the  depth  of  weathering  and  strong  solutional 
featiues  associated  with  red  soils  formed  during 
glacial  periods.  Walsingham  rocks  underwent  dia- 
genesis  prior  to  Belmont  deposition  ( highly  altered 
Walsingham  clasts  in  uncemented  Belmont  con- 
glomerate at  locality  5).  Thus,  a  glacial  episode 
may  separate  the  Walsingham  and  Belmont  forma- 
tions. 

Belmont:  The  Belmont  Formation  is  represented 
in  most  areas  of  its  outcrop  by  marine  limestones 
standing  slightly  above  present  sea  level.  At  one 
time,  however,  the  Belmont  sea  rose  to  -|-23 
meters  (marine  conglomerate  deposited  against 
a  sea  cliff  cut  in  Walsingham  eolianite  exposed  at 
locality-  5).  Eolianites  of  Belmont  age  underlie 
and  overlie  the  marine  limestones  in  several  places. 

Shore  Hills:  The  Shore  Hills  is  the  best  de- 
\eloped  red  soil  of  Bernnida,  reaching  thicknesses 
of  12  feet  in  deep  cylindrical  solution  pipes 
( popularly  known  as  "palmetto  stumps" ) .  Snail 
shells  are  not  abundant  in  the  red,  deeply  weath- 
ered portions  of  the  soil,  having  been  destroyed 
by  solution,  l)ut  are  fairly  common  in  fissure  fills 
of  this  age.  All  of  Bermuda's  extensive  caves 
were  cut  during  Shore  Hills  time,  when  percolat- 
ing fresh  water  attacked  the  underlying  carbon- 
ates. 

Devonshire:  The  sea  rose  again  to  an  elevation 
of  +5  meters  (wave  cut  notch  at  Hungry  Bay, 
locality  49).  The  De\onshire  Formation  consists 
of  intertidal  sandy  and  conglomeratic  deposits 
formed  during  this  transgression.  It  is  frequently 
found  in  erosional  unconformity  atop  Belmont 
marine  limestone,  the  Shore  Hills  soil  having  been 
stripped  off.  Radiochemical  dates  ha\e  been  ob- 
tained from  Devonshire  corals  ( localities  2  and 
51);  each  of  four  specimens  indicates  an  approxi- 


Evolution  of  Bermudian  Land  Snails  •  Gould 


415 


mate  age  of  120,000  \ears  (W.  S.  Broecker, 
personal  communication ) . 

Harrington:  The  Harrington  Formation,  a  poorly 
indnrated  calcarenite  ( "accretionary  soil"  of  pre- 
\  ions  authors),  formed  as  the  Dexonshire  sea 
retreated.  That  it  records  a  falling  sea  is  indicated 
by  the  common  \ertical  gradation  from  white 
sands  with  marine  fossils  at  its  base  to  brownish 
[carbon  stained  from  terrestrial  \egetation  (?)] 
sands  with   almndant  land   snails  at  its   top. 

Pembroke:  As  the  De\onshire  sea  continued  to 
fall,  carbonate  detritus  became  available  for  dep- 
osition as  Pembroke  eolianite.  Dune  building 
was  not  continuous,  since  unindurated  zones,  rep- 
resenting pauses  in  dune  accumulation,  are 
common  in  this  formation. 

Spencer's  Point:  The  sea  rose  again,  certainly  to 
-|-11  meters  (east  of  locality  32)  and  possibly  to 
-1-20  meters  at  Black  Watch  Pass  (locality  6), 
depositing  patchy  intertidal  conglomerates  along 
the  south  shore  and  extensive  marine  and  eolianite 
units  on  the  north  shore.  A  Spencer's  Point  coral 
obtained  from  a  displaced  block  on  Saucos  Hill 
(localit>-  41)  yielded  a  radiochemical  date  indis- 
tinguishable from  those  of  De\onshire  corals.  This 
produces  a  stratigraphic  puzzle  to  which  three 
potential  solutions   may  be  offered: 

1.  The  displaced  block  is  Devonshire  float.  This 
can  almost  surely  be  discounted,  since  the  block, 
weighing  several  tons,  lies  10  feet  downhill  from 
Spencer's  Point  material  of  similar  lithology.  The 
nearest  De\onshire  is  12  mile  to  the  west  at 
De\onshire  Bay. 

2.  There  is  only  one  post-Belmont  marine  lime- 
stone. The  extensive  unindurated  zone  lying 
below  tliis  coral  and  prexiously  correlated  with 
Harrington  oxerhing  Devonshire  at  De\'onshire 
Bay  belongs  to  a  Belmont  eolianite  complex. 
Instead  of  one  unindurated  zone  and  two  lime- 
stones, we  have  one  limestone  and  two  unindurated 
zones.  This  explanation  seemed  most  probable 
until  Mackenzie  and  Land  found  evidence  of  two 
limestones  in  superposition  at  Spencer's  Point  it- 
self   ( locality'    35 ) . 

3.  Deposition  of  the  entire  De\  onshire-Spencer's 
Point  suite  was  so  rapid  that  the  10-15  thousand- 
year  uncertainty  of  tlie  thorium  dates  does  not 
allow  a  distinction  of  the  limestones;  the  lime- 
stones would  then  represent  two  phases  of  a 
120,000-year  sea,  evidence  of  which  is  now  being 
uncovered  in  many  areas  (Broecker,  1966).  Could 
the  extensive  Pembroke  eolianites  be  deposited  in 
so  short  an  inter\al?  Obser\ations  of  the  rapid 
growth  of  dunes  active  on  Bermuda  during  the 
19th  century  affirm  this  possibility.  Thomson 
described  the  dune  movements  in  his  CliaUcuger 
volume   (1877:   310-311): 

There   is   a   wonderful   'sand   glacier'   at   Elbow 
Bay    .    .    .    The   sand    has    entirely   filled    up    a 


\alley  and  is  steadily  progressing  inland  in  a 
mass  about  five-and-twenty  feet  thick  .  .  .  [One 
resident]  was  either  too  late  in  adopting  pre- 
cautionary measures,  or  perhaps  submitted 
hopelessly  to  his  fate,  for  all  that  now  remains 
of  his  cottage  is  the  top  of  one  of  the  chimneys 
projecting  above  the  white  sand  like  a  tomb- 
stone. 

St.  George's:  Although  the  St.  George's  soil  is 
not  as  well  developed  as  the  underlying  Shore 
Hills,  it  too  records  a  period  of  diagenesis  during 
lowered  sea  levels  of  a  glacial  period. 

Southampton:  As  the  sea  rose,  a  new  period  of 
dune  building  commenced.  The  Southampton 
Formation,  a  complex  of  eolianites  and  imindu- 
rated  zones,  reaches  thicknesses  of  greater  than 
200  feet  in  southwest  Bermuda.  Much  of  soutli- 
west  Bermuda  is  entirely  Southampton  in  age;  the 
main  island  has  been  accreting  in  that  direction, 
the  major  source  of  Bermuda's  winds  ( Mackenzie, 
1964).  No  marine  Southampton  has  ever  been 
found  ( marine  Pembroke  is  likewise  vmknown ) , 
and  Southampton  seas  must  have  stood  below  the 
present  level.  ( No  e\'idence  for  Pleistocene 
tectonism  has  been  uncovered  on  Bermuda,  and 
the  islands  may  represent  a  good  "tide  gauge"  for 
tlie  assessment  of  Pleistocene  eustasy. ) 

Recent:  Dunes  active  during  the  19th  century 
haxe  become  stabilized  by  vegetation.  A  brownish 
soil  derived  from  weathered  eolianite  underlies 
many  vegetated  areas;  bare  stretches  are  covered 
by  a  solutional  crust.  Much  modem  topography 
reflects  the  depositional  profile  of  Southampton 
dunes.  Red  soil  is  present  in  lowlands,  which 
were  ne\er  co\ered  by  Southampton  dunes. 

B)   Natural  Hisfory  of  Poecilozonites 
in  Bermuda 

The  native  Bermudian  biota  is  a  classic 
instance  of  the  depauperate  and  dishar- 
monious associations  characteristic  of  iso- 
lated oceanic  islands  populated  by  chance 
dispersal  from  distant  continental  areas. 
Birds  excepted,  a  small  lizard  of  the  genus 
Eumeces  is  the  only  native  tetrapod  (even 
the  inevitable  rat  required  human  trans- 
port). Only  one  other  large  pulmonale  — 
Siiccineo  —  is  found  as  a  fossil.  Verrill's 
treatise  (1901-1902)  remains  the  major 
work  on  the  Bermudian  biota  and  its 
origin. 

Of  Poecilozonites  itself,  Pilsbry  (1900: 
494)  had  the  following  to  say:  "The  en- 
demic element  (Poecilozonites)  undoubt- 
edly long  antedated  the  other  fomis,  as  its 
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generic  di\ergence  and  strong  specific 
differentiation  indicate.  In  all  probability 
it  was  derived  from  the  Eastern  United 
States  by  some  rarely  efficient  means  of 
transport."  A  member  of  the  Zonitidae, 
Poecilozonitcs  most  closely  resembles  North 
American  species  of  Gastrodonta  and  Ven- 
tridens  in  its  genitalia,  but  is  extraordinary 
in  lacking  the  pedal  furrow  supposedly 
characteristic  of  aulacopod  pulmonates. 
Pilsbry  ( 1924 )  assigns  it  subfamily  rank. 

In  his  dissection  of  the  genitalia,  Pilsbry 
( 1889 )  found  a  cleft  spemiatheca,  one 
branch  of  \\'hich  originated  at  the  base  of 
the  penis.  He  wrote  (1889:  85):  "The 
connection  of  the  duct  of  the  spermatheca 
with  the  penis  is  unique  as  far  as  I  know, 
in  the  Pulmonata,  and  suggests  the  prob- 
ability of  self-impregnation."  With  the  kind 
assistance  of  Dr.  Ruth  Turner,  I  have 
been  able  to  verify  this  observation.  The 
occurrence  is  not,  however,  unique.  Ac- 
cording to  Taylor  (1900:  371),  the  cleft 
spermatheca  with  penile  branch  is  found 
in  "the  North  American  Gastrodontae," 
the  supposed  ancestors  of  Poecilozonites. 
Pilsbry's  designation  of  the  Gastrodontinae 
as  ancestral,  established  primarily  on  shell 
form,  is  thus  affirmed.  Moreover,  the 
capacity  for  self-impregnation  may  help  to 
explain  the  success  of  Poecilozonites  in 
establishing  itself  on  Bermuda.  More  than 
the  sheer  accident  of  first  arrixal  may  be 
involved,  since  the  chance  introduction  of 
any  single  individual  is  so  much  greater 
than  that  of  a  pair  or  pregnant  snail.  ^ 

Its  time  of  arrival  is  unknown  and  cannot 
be  inferred  by  extrapolating  rates  of  the 
last  300,000  years;  for  early  in  its  history. 


^  In  particular,  the  arrival  of  a  very  small  im- 
mature snail  might  be  sufficient  to  establish  the 
species.  The  abvmdance  of  microgastropocis  in 
the  Bermuda  Pleistocene  indicates  that  small  forms 
have  a  vastly  better  chance  of  introduction. 
Poecilozonites,  of  course,  does  not  normally  re- 
produce lay  self-fertilization.  I  ha\e  often  ol)- 
served  their  elaborate  copulation  ritual.  I  shall 
soon  be  conducting  experiments  to  determine 
whether  a  P.  hermudensls  Jjcrmttdensis,  isolated 
from  the  time  of  hatching,  will  impregnate  itself. 


Poecilozonites  underwent  a  vigorous  and 
presumably  rapid  adaptive  radiation.  When 
Poecilozonites  is  encountered  in  the  oldest 
Bermudian  formations,  it  is  strikingly  di- 
versified into  three  subgenera  and  15 
species  (Peile,  1926).  These  range  in  size 
from  giant  P.  nehoni  (maximum  diameter 
46  mm)  to  small  species  of  the  subgenera 
P.  (Gastrelasmus)  and  P.  (Discozonites), 
which  rarely  exceed  5  mm  in  diameter.  In 
their  morphologic  variety,  the  species  of 
Poecilozonites  provide  an  excellent  paral- 
lel to  such  famous  cases  of  insular  diversity 
as  Darwin's  finches  and  the  Hawaiian 
honeycreepers.  I  assume,  continuing  the 
parallel,  that  the  various  species  of  Poecilo- 
zonites filled  a  spectrum  of  ecologic  roles 
occupied  by  several  genera  in  continental 
areas.  The  ecologic  and  geographic  situa- 
tion of  Bermuda  provided  just  those  condi- 
tions outlined  by  Carlquist  ( 1966)  as  evoca- 
tive of  rapid  e\'olution  on  islands:  lack  of 
competitors  and  predators,  a  broad  range  of 
ecologic  opportunity,  and  numerous  poten- 
tial geographic  barriers. - 

The  native  biota  of  Bermuda  has  fared 
poorly  under  the  onslaught  of  species  in- 
troduced by  man.  The  indigenous  flora 
was  ravaged  by  hogs  late  in  the  16th  cen- 
tury and  by  rats  early  in  the  17th;  the 
famous  Bermuda  "cedar,"  Junipenis  her- 
nuidiana,  was  nearly  destroyed  in  this 
century  by  a  scale  blight.  The  vulnerability 
of  island  biotas  to  introduced  competitors 
is  well  known  (Simpson,  1953:  296;  Mayr, 
1963:  74).  Carlquist  (1966:  21)  writes  of 
the  Hawaiian  flora:  "Almost  any  introduced 
continental  species  of  plant  seems  capable 
of  replacing  autochthonous  species  of  com- 
parable ecological  requirements." 


-  I  have  imdertaken  some  rather  casual  experi- 
ments which  indicate  that  the  modern  reptiles 
and  amphibians  of  Bermuda,  including  the  native 
Ettmeces,  would  rather  star\e  than  eat  a  Poecilo- 
zonites. Birds  constitute  the  most  likely  source  of 
predation,  though  there  is  no  evidence,  either 
direct  or  indirect  ("anvils,"  etc.)  of  such.  Ber- 
muda now  consists  of  6  major  and  scores  of  minor 
islands. 
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"'■    Oi-Hine  map  of 


p  of  Bermuda  before  olr  force  and   navy  modifications  of  the  shore  line.     From  Soyles   (1931).    Dotted   liros  ore   parish   boundaries.     Localities  ore  described   in   Appendix  2. 
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Of  all  introduced  iin crtebiates,  however, 
none  have  proved  so  trou]:)lesome  as  the 
pulmonate  snails.  PoIy<i,yra,  unknown  as  a 
fossil  in  Bermuda,  is  now  the  most  com- 
mon land  snail  on  the  islands.  In  the  late 
ISSO's,  the  "spiral  snail"  Ruminea  decoUata, 
introduced  by  Governor  Lefroy  in  1876, 
was  inflicting  so  much  agricultural  damage 
that  the  Bermudian  Government  sponsored 
a  prize  contest  for  the  development  of 
"efficaceous,  expeditious  and  economical 
methods  to  effect  its  exteiTnination." 
(Bermuda  Historical  Society  Documents, 
Hamilton,  Bermuda).  Pilsbry  (1900)  ex- 
pressed surjDrise  that  Otaki  lactea  had  not 
managed  to  intrude  itself,  but  his  state- 
ment was  negatively  prophetic  in  the  light 
of  a  recent  Otoh  invasion.  Despite  the 
local  legend  attributing  its  introduction  to 
a  wartime  visit  of  General  De  Gaulle,  the 
arrival  of  Otala  dates  from  1928  when 
snails  "brought  into  the  colony  to  be  tried 
as  a  food  .  .  .  subsequently  escaped  from 
captivity"  (Bennett  and  Hughes,  1959: 
432).  Dr.  Hughes  tells  me  that  the  speci- 
mens came  from  New  York's  Fulton  Fish 
Market  and  won  their  liberty  by  crawling 
out  of  a  paper  bag  left  on  the  offender's 
porch.  The  speed  of  their  spread  was 
colossal.  Otala  is  now  omnipresent  on 
Bermuda,  though  its  numbers  have  been 
substantially  reduced  by  the  "cannibal  snail" 
Euglandina  rosea,  introduced  from  Hawaii 
as  a  biological  control  in  1958  ( Simmonds 
and  Hughes,  1963). 

The  effect  on  Poecilozanites  of  human 
introductions  and  disruptions  of  the  native 
biota  has  been  profound.  Although  two 
species,  P.  hcrmudensis  and  P.  circumfir- 
matus  are  still  common  in  many  areas,  they 
are  absent  over  a  wide  range  of  jjotential 
habitat  and  constitute  a  small  fraction  of 
the  total  pulmonate  fauna. 

The  reduction  from  15  Shore  Hills 
species  to  a  handful  of  survivors  is  not 
wholly  the  work  of  man  and  his  agents. 
Many  common  Harrington-Pembroke  taxa 
do  not  appear  in  the  St.  George's  and  later 
formations,  and  their  extinction  can  prob- 


ably be  attributed  to  the  intervening  high 
Spencer's  Point  sea  (20  meters  above 
present  mean  sea  level).  But  other  taxa 
common  as  fossils  in  the  latest  Southamp- 
ton dunes  have  never  been  found  alive, 
and  their  elimination  can  probably  be 
traced  to  man.  In  addition  to  competition 
from  introduced  snails,  Poecilozanites  spe- 
cies probably  fared  poorly  during  the  hog 
and  rat  plagues  which,  if  we  are  to  believe 
the  early  writers,  must  be  ranked  in  effect 
with  the  Australian  ralibit  invasion.  Hogs 
were  introduced,  probably  by  Spanish 
pirates,  in  the  16th  century  and  \\'ere 
abundant  when  the  English  arrived.  Tlie 
Enghsh  brought  rats,  and  the  plague  of 
1614-1618  almost  destroyed  the  early  set- 
tlements. Governor  Butler  wrote  at  this 
time  (in  Verrill,  1902:  713-714):  "They 
eate  up  the  whole  country  before  them, 
wheresoever  they  went,  utterly  devoureinge 
all  the  corne  they  mett  with  all  in  an 
instant;  so  that,  in  despight  of  all  the  catts 
sent  from  out  of  England,  and  the  layeinges 
of  poyson,  the  Governours  often  fireinges 
of  the  whole  islands,  to  the  huge  waste  of 
much  excellent  caedar  timber,  or  whatso- 
ever els  could  be  devised  against  them, 
they  every  day  more  and  more  so  multi- 
plied and  grew  upon  the  poore  amazed 
people."  All,  indeed  might  have  been  lost 
"had  not  God  (who  noe  doubt  hath  an 
especiall  worck  in  the  peopling  of  thes 
partes  with  Christians),  by  his  owne  hand, 
in  great  mercy,  swept  them  all  away  in  an 
instant."  Verrill  (1902),  taking  a  less 
apocalyptic  view,  attributes  their  death  to 
starvation.  Both  hogs  and  rats  will  eat 
snails;  rats  are  often  a  major  pulmonate 
predator  (Liat,  1966).  According  to  Verrill, 
"probably  many  species  of  birds,  reptiles, 
insects,  snails,  etc.  were  exterminated  .  .  , 
by  the  hogs  and  rats." 

The  recent  introductions  of  Ruminea  and 
Ofala  have  further  reduced  the  numbers 
and  variety  of  PoeciJozonites.  An  elderly 
employee  of  the  Bermuda  Biological  Sta- 
tion, a  resident  of  St.  David's  Island,  tells 
me   that   in   her  youth,   before   the   Otala 
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invasion,  Poccilozonifcs  were  collected  in 
barrels  and  burnt.  She  claims  to  have  seen 
none  in  the  last  decade.  The  Rev.  Lane, 
winner  of  the  Ruminea  control  prize  con- 
test, referred  to  the  living  Poccilozonifes  as 
"a  degenerated  familv  which  has  not 
upheld  the  stature  of  its  progenitors" 
(Documents,  Bennuda  Historical  Society). 
'$)ic  transit  gloria. 

III.    GOALS  AND  METHODS  OF 
QUANTIFICATION 

The  very  term  zonitoid  connotes  an  almost  fea- 
tureless shell.  H.  B.  Baker,  1938,  p.  6 
Of  all  classes  of  organisms,  the  mollusks  are  per- 
haps the  best  adapted  for  the  study  of  ontogenetic 
stages  .  .  .  since  all  these  stages  are  preserved  as 
a  permanent  record  in  the  form  of  the  shell. 

Grabau,    1907,   p.   609 

A)  Infroduction 

The  first  statement  above  is  a  challenge; 
the  second,  its  partial  resolution.  A  snail 
shell  appears  poor  indeed  when  compared 
with  a  vertebrate  skeleton  for  enumeration 
of  measurable  variables,  yet  it  possesses 
other  features  particularly  favorable  for 
quantitative  evolutionary  studies. 

1.  As  an  accretionary  structure,  it  retains 
a  complete  record  of  its  morphological 
development.  If  shape  changes  during 
ontogeny,  a  general  occurrence  among 
pulmonates,  then  a  description  of  the 
sequence  of  fonns  attained  at  various  sizes 
or  whorl  numbers  provides  a  basis  for 
interpreting  relationships  between  ontogeny 
and  phylogeny:  the  size  of  origin  of  new 
features  can  be  determined;  phyletic  alter- 
ation of  form  can  be  understood  as  the 
cumulative  effect  of  ontogenetic  changes 
in  growth  rates;  paedomorphic  or  recapit- 
ulatory effects  can  easily  be  spotted.  These 
possibilities  were  recognized  by  some  early 
evolutionary  paleontologists,  but  their  ap- 
proach was  often  marred  by  an  a  priori 
faith  in  the  universality  of  Haeckelian 
recapitulation  (e.g.,  Grabau,  1902,  1907). 

2.  The  pulmonate  shell  is  knowm  to  be 
highly  expressive  of  the  environmental  con- 
ditions  in   which   it   grows    (e.g.,   Rensch, 


1932;  Oldham,  1929,  1934).  Given  this 
phenotypic  plasticity,  it  will  be  difficult  to 
distinguish  genetic  from  environmental 
modification,  but  selective  forces  in  the 
environment  can  often  be  ascertained  and 
their  influence  on  larger  changes  with  an 
inferred  genetic  basis  determined. 

Measurements  have  been  used  in  the 
classic  studies  of  pulmonate  diversity  ( e.g., 
Crampton,  1916,  1925,  1932),  but  these 
have  not  extended  beyond  the  "standard" 
dimensions  (total  length  and  width,  aper- 
tural  length  and  width )  and  derived  ratios. 
Yet  these  measures  of  gross  moqDhology 
have  little  discriminating  power,  since 
similar  values  are  attained  independently 
b\'  population  after  population.  Moreover, 
when  only  one  set  of  measures  is  made  per 
specimen,  ontogeny  must  be  inferred  from 
mass  curves  (Gould,  1966a),  thus  frustrat- 
ing the  major  advantage  of  studying  pul- 
monate shells  in  the  first  place — the 
possibility  of  obtaining  true  longitudinal 
data,  the  only  kind  that  can  yield  infor- 
mation on  individual  variation  in  growth 
(Cock,  1966:  136).  Often,  to  make  matters 
worse,  attempts  are  made  to  infer  ontogeny 
from  curves  constructed  for  a  series  of 
adults  (among  helicids,  for  example,  which 
have  a  definite  final  size  varying  widely 
among  individuals  of  a  population).  Yet, 
there  is  no  reason  why  such  curves  should 
reflect  individual  ontogenv  in  anv  precise 
way  (Rohrs,  1958,  1959,  1961,'  Gould, 
1966b ) .  Tliis  method  represents  a  confusion 
of  two  different  types  of  data — longi- 
tudinal and  static  (  Cock,  1966). 

I  have  tried  to  increase  the  number  of 
variables  beyond  the  conventional  set  of 
general  size  and  shape  measures  in  four 
ways:  by  the  quantification  of  color  vari- 
ation; by  the  inclusion  of  protoconch 
dimensions;  by  expanding  the  set  of  aper- 
tural  measures  to  encompass  the  many 
ontogenetic  changes  in  shape  not  expressed 
in  the  width/height  form  ratio;  and  by 
measuring  heights  and  widths  at  each 
whorl.  The  last  of  these  four  accomplishes 
two  purposes: 
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1.  A  mathematical  expression  for  th(^ 
geometry  of  the  dome  may  be  derixed 
from  the  width-height  pairs;  this  expression 
alxstracts  the  ontogeny  of  general  shape 
de\  t'lopment  as  a  single  statement. 

2.  Since  zonitoids  continue  to  grow 
tliroughout  life  and  therefore  lack  terminal 
growth  features  defining  adult  dimensions 
(such  as  the  expanded  and  colored  lip  of 
man\'  helicids),  meaningful  size  measures 
must  be  taken  with  reference  to  a  whorl 
number,  rather  than  a  ( indefinable  adult ) 
growth  stage. 

The  resulting  set  of  measures,  33  vari- 
ables and  11  ratios  and  combinations,  serve 
to  define  the  form  of  Poecilozonites  in  suf- 
ficient detail  to  permit  a  fairly  complete 
reconstruction  of  the  shell  from  a  table 
of  the  variables  alone.  Any  important 
alteration  in  shell  morphology  should  be 
capable  of  identification  and  definition 
within  the  set  of  measures,  and  a  basis  for 
multi\ariate  comparisons  among  shells  is 
pro\ided. 

Raup,  in  a  series  of  fascinating  papers 
( 1961,  1962,  1965,  1966;  see  also  Thompson. 
1942:  748-849),  has  programmed  a  com- 
puter to  generate  the  forms  of  coiled  shells 
from  four  parameters — the  shape  of  the 
generating  curve,  the  whorl  expansion 
rate,  the  position  of  the  generating  curve 
with  respect  to  the  axis  of  coiling,  and  the 
rate  of  whorl  translation  down  that  axis. 
Why,  then,  have  more  than  30  measures 
been  used  in  this  study? 

1.  Raup's  model  produces  only  the  gen- 
eral form  of  the  shell;  7  of  m>"  measures 
deal  with  color  and  shell  thickness:  "It 
should  be  emphasized  that  the  four  para- 
meters do  not  complctch'  describe  the 
morphology  of  the  coiled  shell.  .  .  .  The 
model  is  concerned  only  with  general  form 
and  includes  only  that  ornamentation  pro- 
duced by  the  revolution  of  the  generating 
curve  about  the  axis"  (Raup,  1966:   1181). 

2.  One  of  Raup's  parameters,  shape  of 
the  generating  curve,  is  composite.  In 
practice,  it  is  drawn  rather  than  defined 
mathematically   when    its   shape   does   not 


approximate  a  simple  geometric  figure.  To 
express  the  shape  of  a  complex  aperture  in 
numbers,  many  variables  are  needed:  I 
have  used  seven.  "The  generating  curve 
is  often  equivalent  to  th(^  outline  of  the 
growing  edge  of  the  shell.  As  such,  its 
shape  can  onl\'  rarely  be  defined  mathe- 
maticalh-.  .  .  .  More  generally,  however, 
a  line  drawing  is  used  to  describe  the 
shape"   (Raup, ^1966:   1179). 

3.  The  protoconch  ( embryonic  shell )  is 
rarely  constituted  in  geometric  similarity 
with  the  rest  of  the  shell  as  assumed  by 
Raup's  model.  This  introduces  a  small 
discrepancy,  quite  unimportant  to  Raup's 
analysis,  between  the  apical  regions  of 
actual  and  computer-generated  gastropod 
shapes.  Three  variables  define  protoconch 
form  in  this  \\ork. 

4.  Raup's  model  assumes  that  geometric 
similarit}-  is  preserved  with  shell  growth. 
While  many  marine  shells  conform  ade- 
quately to  this  criterion,  significant  allo- 
metry^  is  almost  universal  in  pulmonates. 
(The  characteristic  domed  shape,  for  ex- 
ample, implies  that  height  increases  faster 
than  width— Could.  1966a.)  If  the  allo- 
metric  trend  is  regular  and  gradual,  it 
can  often  be  encompassed  within  Raup's 
model  by  redefining  one  of  the  parameters 
as  a  variable  instead  of  a  constant;  gradual 
decrease  of  the  translation  rate  produces 
an  "extraconical"  shell  (Raup,  1966:  1185). 
Two  of  my  variables  relate  to  the  ontogen\- 
of  doming  in  Poecilozonites. 

5.  There  is  a  fair  amount  of  redundancv 
in  my  measures,  some  introduced  inadver- 
tenth',  the  rest  a  b\'-product  of  \ariables 
needed  to  construct  the  derived  parameters. 
Heights  and  widths  at  whorls  1  through  5 
do  not  represent  10  independent  sources 
of  variation;  they  are  all,  however,  utilized 
to  define  the  allometric  parameters  of  shell 
doming. 


^  I  use  the  term  allometry  to  describe  any  size- 
correlated  cliange  of  shape,  not  only  those  trends 
in  form  which  can  l^e  adequately  fitted  by  power 
functions    (Gould,   1966b:    600-603). 
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Table    2.      Hypothetical    data    matrices     of 
form  used  in  this  study 

Raw  Data  Matrices 


Proto- 
conch 
Width 

Width 

End  of 

Whorl  5 

Heiiiht 

End  of 
Whorl  5 

Sample   1: 

specimen 

1 

1.5 

25 

15 

specimen 
specimen 

2 
3 

1.6 
1.7 

26 

27 

16 
17 

Proto- 
conch 
Width 

Width 
End  of 
Whorl  5 

Height 

End  of 

Whorl  .5 

Sample  2: 

specimen 

1 

1.6 

26 

16 

specimen 
specimen 

2 
3 

1.7 
1.8 

27 
28 

17 
18 

Matrix  of  Means 

Proto- 
conch 
Width 

Width 

End  of 

Whorl  5 

Heisiht 

End  of 

Whorl  .5 

Sample  1 

1.6 

26 

16 

Sample  2 

1.7 

27 

17 

6.  Our  difference  of  approach  reflects  a 
difference  of  interests.  l\aup  abstracts  the 
general  form  of  coiled  shells  with  as  few 
parameters  as  possible.  Computers  can 
then  generate  a  range  of  possible  forms; 
this  allows  us  to  consider  such  fundamental 
questions  as:  why  do  actual  shells  occupy 
only  a  part  of  the  range  of  potential  shapes? 
I  am  interested  in  detecting  the  subtle 
variations  in  morphology  that  characterize 
geographic  variation  and  incipient  differ- 
entiation within  species. 

B)    Goals  of  Quantification  in  this  Study 

A  data  matrix  may  be  treated  in  two 
ways:  we  make  comparisons  among  rows 
or  among  columns.  [In  this  study,  each 
column  is  a  variable,  each  row  a  specimen 
(or,  in  the  matrices  of  means  described 
below,  the  mean  sample  values  for  each 
variable).]  Table  2  presents  some  simpli- 
fied, hypothetical  data  matrices  of  the  form 
used  here. 

1.  Comparison   among  rows    (specimens 


or  samples) :  The  morphological  differences 
of  specimens  within  and  among  samples 
constitute  the  primary  data  in  any  evolu- 
tionary study  of  form.  Needham  (1950) 
has  suggested  the  heuristic  statement: 
form  =  size  f  shape.  Comparisons  of 
"form"  may  be  made  on  either  basis. 

a)  Size:  Size,  to  be  a  useful  criterion, 
must  be  standardized  in  some  way.  This 
is  usually  achieved  by  comparing  specimens 
at  a  definable  growth  stage,  generally  the 
adult.  Zonitoids,  as  mentioned  above,  con- 
tinue to  grow  throughout  life.  I  have 
therefore  been  unable  to  use  the  maximum 
size  of  specimens  as  a  basis  for  compari- 
son,^ and  a  different  standard  must  be 
sought.  Size  at  a  given  number  of  whorls, 
the  usual  alternative  for  zonitoids  (Baker, 
1938:  5),  is  used  here.  A  criterion  for 
numbering  whorls  must  then  be  established, 
and  it  is  a  virtue  of  the  Poecilozonites 
material  that  "the  best  and  most  accurate 
method"  (Sadlick  and  Nielson,  1963: 
1086),  counting  from  the  termination  of 
the  protoconch,  is  available.  Bunna  (1948), 
Young  (1952),  and  Sadlick  and  Neilson 
(1963),  working  with  material  in  which  the 
apical  region  is  rarely  found  intact,  were 
constrained  to  use  another  standard  (a 
"zero  point"  at  which  the  whorl  height 
equals  some  arbitrary  value).  Although 
the  zero  point  can  be  determined  objec- 
tively, it  lacks  the  desirable  attribute  of 
making  the  whorl  numbering  criterion 
coincident  with  a  physiologically  meaning- 
ful point  in  shell  development.  When  the 
termination  of  the  protoconch  can  be  used, 
the  zero  point  is  the  true  beginning  of 
post-hatching  growth.  Two  disclaimers 
should  be  made  for  this  method: 

i)     Size   at   a    ultorl   has    no   a    priori 


^  This  inaliility  is  one  of  the  most  nnfortnnate 
aspects  of  tliis  work;  for  maximum  size  surely 
\'aries  anionu;  samples.  The  difficulty  could  be 
surmounted  if  the  sample  sizes  were  relati\ely 
equal  and  (juite  larj^e,  hut  too  many  of  my  samples 
are  too  small  e\  en  to  allow  a  randomized  equaliza- 
tion of  sample  sizes  at  a  "least  common  denomi- 
nator" nimiber. 
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rclafioiiship  to  the  final  dimensions  at- 
fdincd  hij  the  shell.  Large  si/.c  at  a  given 
\\  horl  is  no  guarantee  of  large  final  size. 

ii)  No  definite  implications  of  age  or 
"relative  age"  (Burma,  1948)  should  be 
drawn  from  the  whorl  number,  which 
ser\-es  primarily  as  a  standard  for  compari- 
son. 

b)  Shape:  Shape  is  expressed  as  a  di- 
mensionless  number  (usually  a  ratio  or  an 
angle).  The  comparison  of  shape  in  speci- 
mens of  different  size  is  the  reason  usually 
cited  for  forming  a  ratio,  but  we  must  avoid 
the  fallacious  corollary  that  the  ratio  is 
therefore  independent  of  size.  If  the  re- 
lationship of  \ariables  forming  the  ratio  is 
allometric,  then  the  value  of  the  ratio  will 
change  as  size  increases.  Thus  Franzen 
( 1966 )  claims  that  the  width/height  ratio 
is  useful  in  separating  the  succineid  pul- 
monate  species  Oxijloma  salleana  and  O. 
retusa.  The  ratio  varies  with  size,  however, 
and  we  are  gi\en  no  assurance  that  it  can 
discriminate  between  the  two  species  at  a 
common  size.  For  a  single  sample  of  O. 
salleana,  mean  width/height  for  specimens 
>  3  1/2  whorls  is  0.654  ( observed  range, 
0.608-0.695,  N=4);  for  specimens  <  3 
whorls,  mean  width  height  is  0.539  ( ob- 
served range,  0.510-0.577,  N=4). 

Almost  all  bivariate  plots  of  ontogeny  in 
Poecilozonites  are  allometric,  and  meaninii,- 
ful  eomparisons  of  shape  musi  he  made  at 
equal  sizes^  or  a  horl  nnud)ers.  It  is  not 
easy  to  decide  which  of  the  two  affords  a 
better  comparison.  In  P.  etipula,  differences 
ill  size-at-a-\\'horl  among  the  various  sub- 
species is  so  great  that  choosing  a  size  of 
17  mm,  for  example,   would   result  in   the 


^  Size  is  defined  here  as  width  +  height.  Main 
amliiguities  have  been  introduced  by  authors  wlio 
use  height  or  width  alone  as  the  measure  of  size. 
Price-Jones  (1930),  for  example,  claimed  to  have 
demonstrated  that  large  adults  of  Cepaea  nenioralis 
tend  to  ha\e  a  liigh  widtli/height  ratio.  But  since 
he  used  total  width  as  his  criterion  of  total  si/e, 
the  positive  correlation  of  "size"  with  width  heiglit 
only  shows  that  an  adult  with  an  absolutely  wicK' 
shell  tends  also  to  be  relatively  wide. 


comparison  of  a  P.  rupida  dalli  of  5  whorls 
w  ith  a  P.  eupula  enpula  of  4  whorls.  Since 
many  important  alterations  of  shape  occur 
during  growth  of  the  fifth  whorl,  the  choice 
of  17  mm  would  occasion  the  comparison 
of  a  P.  cupula  dalli  of  near  maximum  ( ob- 
served) size  with  a  rather  juvenile  P. 
cupula  cupula.  Despite  the  aboxe  dis- 
claimer (p.  423),  whorl  number  in  P. 
cupula  is  probably  a  better  criterion  of 
developmental  stage  than  is  size.  If  this  is 
so,  then  the  choice  of  equal  size  or  equal 
whorl  number  as  a  standard  for  shape 
comparisons  depends  upon  whether  onto- 
genetic alteration  of  form  is  under  the 
primary  control  of  absolute  size  or  develop- 
mental stage.  Since  definite  shape  changes 
tend  to  occur  at  similar  whorl  numbers 
rather  than  at  a  similar  size  in  P.  cupula, 
intersample  shape  comparisons  are  made  at 
a  common  whorl  number.  In  P.  bermuden- 
sis,  the  problem  is  not  so  acute,  since  the  size 
range  at  a  whorl  is  quite  small  among 
samples. 

When  all  variables  have  been  standard- 
ized so  that  their  values  are  recorded  at  a 
common  size  or  whorl  number,  a  basis  for 
the  meaningful  comparison  of  form  among 
samples  is  provided  in  the  "matrix  of 
means'  (Table  2b},  each  row  of  which 
contains  the  mean  sample  \'alue  for  each 
of  the  variables.  The  mean  sample  values 
are  obtained  in  two  ways,  depending  upon 
the  nature  of  the  variable.  If  the  variable 
is  already  standardized  (e.g.,  height  at  the 
third  M'horl,  \\horl  number  at  which  the 
upper  color  band  is  formed),  a  simple 
mean  is  calculated.  Other  measures,  par- 
ticularly the  set  of  apertural  variables,  are 
not  made  at  the  standardized  value,  but 
are  taken  at  the  final  siz(>  of  each  specimen. 
(Theoretically,  each  apertural  variable 
could  be  measured  at,  say,  the  fifth  whorl, 
but  this  would  necessitate  the  breakage  of 
all  larger  specimens  and  the  discard  of  all 
smaller  ones.)  In  such  cases,  the  predicted 
\alue  at  the  chosen  common  size  or  whorl 
number  is  determined  by  bivariate  regres- 
sion.   The  range  of  measured  specimens  is 
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selected  so  that  the  common  size  or  whorl 
nmnber  is  near  the  midpoint  of  the  mea- 
sured interval.  On]\  shells  of  four  whorls 
or  more  are  used  to  construct  the  regres- 
sions, since  a  wider  size  range  results  in 
significant  departures  from  linearity.  Each 
variable  is  plotted  against  size  or  whorl 
number  (depending  upon  the  chosen  cri- 
terion of  comparison),  and  its  estimated 
value  at  the  chosen  size  or  whorl  number 
is  determined. 

The  SIO  reduced  major  axis  fits  (10 
variables  in  each  of  81  samples;  20  speci- 
mens per  sample)'  were  calculated  by 
DASAN,  a  FORTRAN  2  program  written 
by  Dr.  T.  R.  Waller  and  kindly  modified 
by  him  for  use  in  this  problem. 

2.  Comparison  among  columns  (vari- 
ables): Bivariate  regression  and  correlation 
are  standard  methods  for  comparing  vari- 
ables with  one  another.  When  considered 
over  a  wide  range  of  size,  tvvo  variables 
generally  display  strong  correlation  for  the 
trivial  reason  that  most  linear  dimensions 
increase  as  an  organism  gets  larger.  Vari- 
ables may  be  related  for  other  reasons — 
similarity  of  function  or  mechanical  prox- 
imity, for  example — and  it  is  the  aim  of 
correlation  studies  to  provide  a  body  of 
data  from  which  the  causal  factors  of  vari- 
able interrelationships  can  be  inferred  ( see 
Olson  and  Miller,  1958).  A  complete  set 
of  such  interrelationships  can  be  depicted 
in  a  matrix  of  correlation  coefficients.  Since 
the  sheer  quantity  of  information  in  such 
a  matrix  is  too  vast  for  consideration  in 
raw  form  (there  will  be  780  meaningful 
entries  when  the  interrelationships  of  40 
variables  are  assessed),  multivariate  clus- 
tering methods  for  the  abstraction  of  simpler 
patterns  implicit  but  difficult  to  recognize 
in  the  rav^^  matrix  must  be  used.    Factor 


^  For  a  few  populations,  fewer  than  20  speci- 
mens were  available.  For  samples  with  abundant 
specimens  (the  large  majority),  all  individuals 
larger  than  4  whorls  were  selected.  These  speci- 
mens were  divided  into  two  lots  on  the  basis  of 
size  and  10  specimens  were  randomly  chosen 
from  each  lot. 


analysis,    the    abstracting   method    applied 
here,  will  be  descrilied  in  Chapter  5. 

Differences  of  fomi  provide  the  basis  for 
assessing  evolutionary  relationships  among 
populations.  These  differences  are  expressed 
in  terms  of  variables.  We  study  the 
interrelationship  of  variables  for  two  rea- 
sons: 

a)  The  recognition  of  differences  in 
form  is  purely  descriptive.  The  goal  of 
evolutionary  studies  is  to  explain  these 
differences.  The  study  of  interrelationships 
among  \ariables  may  lead  to  an  identifica- 
tion of  causal  influences  shaping  the  form 
of  an  organism.  In  a  study  of  pelycosaurian 
reptiles,  for  example,  I  found  that  widths 
of  limb  bones  and  \ertebrae  correlated 
more  strongly  with  one  another  than  with 
their  respective  lengths  (Gould,  1967). 
Two  major  clusters  of  variables,  bone 
lengths  and  bone  widths,  were  abstracted 
from  the  correlation  matrix.  Total  body 
length  sorted  with  the  bone  lengths,  esti- 
mated weight  with  the  widths.  Since 
terrestrial  \'ertebrates  compensate  increas- 
ing weight  by  differential  thickening  of 
bones  responsible  for  support,  the  clusters 
could  be  explained  in  mechanical  terms. 
The  increased  relative  thickness  of  support- 
ing bones  in  large  pelycosaurs  is  an 
adaptive  response  to  increased  size. 

b)  Redundancies  can  be  eliminated: 
The  major  difficulty  plaguing  a  proper 
evaluation  of  the  differences  in  form  among 
samples  is  failure  to  account  for  inter- 
relationships among  variables.  Two  popu- 
lations are  often  said  to  be  very  distinct 
because  they  differ  significantly  in  20 
characters.  Built  into  this  statement,  how- 
ever, is  the  hidden  major  premise  that  the 
20  characters  reflect  20  separate  determi- 
nants of  variation.  This  premise  will  usually 
be  false.  In  extreme  cases,  the  20  char- 
acters will  form  a  tight  cluster  measuring 
only  one  significant  dimension  of  differ- 
ence. Given  the  prevalence  of  allometric 
trends  in  ontogeny,  phyletic  size  increase 
without  alteration  of  ancestral  ontogenetic 
trends  will  produce  an  organism  differing 
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from  its  ancestor  in  many  aspects  of  shape. 
The  total  genetic  difference  ( tlie  ideal  basis 
for  assigning  taxonomic  rank  to  ancestor 
and  descendant)  ma\-  be  very  small  or 
even  nil.  Corbet  (1964)  fomul  that  the 
contrast  in  skull  form  between  island  and 
mainland  populations  of  the  bank  vole 
ClcfJiriononiys  glareoJus  was  a  consequence 
of  size  differences:  "The  number  of  inde- 
pendent characters  distinguishing  the  island 
races  is  very  small"  (1964:  191).  Former 
Inpotheses  of  relict  distribution,  once 
deemed  necessary  from  the  supposed  in- 
tensity- of  genetic  divergence  implied  by 
differences  in  skull  shape,  are  not  required 
and  the  pattern  of  variation  is  compatible 
with  a  hxpothesis  of  recent  accidental 
introduction  from  the  mainland.  In  Poecilo- 
zonifcs,  large  relative  width  and  wide 
umbilicus  at  a  standard  whorl  number  are 
mechanicallv  correlated.  Onlv  one  siguifi- 
cant  dimension  of  variability  is  expressed 
by  the  two  measures. 

C)    The  Variables  and  their  Measurement 

In  this  listing,  each  \ariable  is  defined 
and  its  method  of  measurement  given  in 
the  following  format:  name  of  the  variable, 
its  computer  code  name,  and  a  description 
of  the  method  of  measurement  if  not  ob- 
\ious. 

1.  Standardized  \'ariables: 
a)   Color 

1,  2.  Whorl  number  of  formation  of 
upper  and  lower  color  bands  on  the  up- 
per whorl  surface,  ONESEUP,  ONSELO. 
Color  deposition  begins  as  discontinuous 
blotches  and  flames.  These  variables  record 
the  whorl  number  at  which  the  transition 
from  blotches  to  a  solid  band  occurs. 

3,  4,  5.  Percentage  of  upper  whorl 
surface  covered  b\'  color  bands  at  the  third, 
fourth  and  fifth  \\'horl,  COLORS,  COLOR4, 
COLOR5.  The  width  of  the  upper  whorl 
surface  and  the  width  of  the  color  bands 
on  this  surface  are  measured.  A  ratio  is 
formed:  width  of  color  bands/total  width 
of  upper  \\'horI  surface. 


6.  Percentage  of  the  lower  whorl 
surface  covered  bv  the  subperipheral  color 
band  at  the  fifth  whorl,  LOWCOL.  As 
abox'e,  but  on  lower  whorl  surface.  This 
measurement  cannot  be  made  if  the  speci- 
men has  fewer  than  5  or  greater  than  6 
\\horls.  (In  the  latter  case,  the  lower  whorl 
surface  is  co\ered  b\-  the  succeeding  whorl; 
the  upper  whorl  surface  remains  completely 
exposed  in  all  whorls  of  Poecilozonites.) 

b )  Protoconch 

7.  Width  of  the  protoconch,  PR\\TDT. 

8.  Height  of  the  protoconch,  PRHIGH. 
Actually,  the  height  of  the  protoconch 
spire;  that  part  of  the  protoconch  below 
the  whorl  peripher>-  is  covered  by  succeed- 
ing \\horls.  Tlie  protoconch  \\'idth  measure, 
on  the  other  hand,  is  the  total  protoconch 
width. 

9.  Number  of  whorls  in  protoconch, 
PRDEGR.    Measured  in  degrees. 

c)  Widths  and  Heights 

10.  11,  12,  13,  14.  Radius  of  shell  (apex 
to  whorl  periphery )  at  whorls  1  through  5, 
WTDTHl,  WIDTk2,  WIDTH3,  WIDTH4, 
\\TDTH5.  Specimens  are  mounted  in 
cla>'  on  a  wooden  cube,  the  axis  of 
coiling  perpendicular  to  the  base  of  the 
microscope.  Width  measurements  are  made 
from  the  apex  to  post-protoconch  \\horls 
1  through  5  along  a  line  drawn  from  apex 
to  \\horl  periphery  at  the  end  of  the  fifth 
whorl  and  projected  to  a  plane  perpendic- 
ular to  the  axis  of  coiHng. 

15,  16,  17,  IS,  19.  Height  of  spire  at 
whorls  1  through  5,  HEIGHl,  HEIGH2, 
HEIGH3,  HEIGH4,  HEIGH5.  After  the 
width  measures  (10-14)  are  completed, 
the  wooden  block  is  rotated  90°  and  cor- 
responding height  measures  made  along 
the  same  line,  this  time  projected  to  a  plane 
parallel  to  the  axis  of  coiling. 

d)  Angles 

20.  Angle  made  by  top  and  bottom  of 
fifth  whorl  with  whorl  peripher\\  angle 
EEC  of  Figure  2,  PSANGL.  The  specimen 
is  oriented  in  a  box  of  magnetite  granules 
so  that  the  whorl  periphery  (line  FCC  of 
Fig.  2)   is  straight,  with  point  F  fonning 
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Figure  2.      Measurement  criteria  for  apertural  variables. 

the  left  extremity  of  the  hne  segment.  The 
angle  is  measured  by  placing  the  mi- 
crometer cross  hair  in  coincidence  with  line 
FGC,  then  rotating  it  to  coincidence  with 
line  EF.  A  protractor  is  glued  to  the  micro- 
scope tube  just  below  the  point  of  contact 
of  eyepiece  and  tube;  a  needle  is  glued  to 
the  eyepiece.  Rotation  of  the  needle  over 
the  protractor  gives  the  angular  measure- 
ment. I  thank  Dr.  R.  L.  Batten  for  teaching 
me  this  simple  and  accurate  method. 

21.  Angle  of  declination  of  incremental 
growth  lines  at  fifth  whorl,  DANGLE.  The 
specimen  is  oriented  so  that  a  portion  of 
the  upper  whorl  surface  at  the  fifth  whorl 
is  as  parallel  as  possible  with  the  base  of 
the  microscope.  The  declination  angle  is 
the  acute  angle  made  by  apertural  growth 
lines  with  a  line  dra^^'n  tangent  to  the 
whorl  periphery  at  the  fifth  whorl.  (Since 
the  incremental  striae  represent  former 
apertural  positions,  this  method  represents 
a  way  of  standardizing  the  "aperture  in- 
clination," often  considered  an  important 
variable  in  describing  pulmonate  shells.) 

2.  Measures  Derived  from  Standardized 
Variables: 

22.  Ratio  of  width  to  height  of  spire 
at  the  end  of  the  fifth  whorl,  RATIOS. 
Ratio  defined  as  WIDTII5/HEIGH5,  a 
standardized  form  ratio. 

23.  Total  size  at  end  of  fifth  whorl. 
TSIZE5.  Defined  as  WIDTHS  +  HEIGHS. 
This  measure  serves  as  a  general  size 
criterion  when  samples  are  standardized 
in  a  matrix  of  means. 


24.  Differential  growth  ratio,  KVALUE. 
The  value  of  the  exponent  in  the  power 
function   (equation  of  simple  allometry) 

y  =  bx*" 

where  y  is  height  and  x  width.  When 
k  >  1,  y  is  growing  faster  than  x  and 
allometry  is  said  to  be  positive.  Since 
height  increases  faster  than  width  in  dome- 
shaped  objects,  k  will  always  exceed  1  in 
this  study.  The  higher  the  value  of  k,  the 
faster  the  ratio  of  raw  measures  (y/x) 
rises  with  increasing  size  and  the  stronger 
the  intensity  of  doming.  As  will  be  ex- 
plained under  item  25,  however,  a  high 
value  of  k  does  not  necessarily  mean  that 
the  shell  will  be  relatively  high  at  a 
standard  size  near  maximum  dimensions. 
That  intensity  of  doming  is  not  a  measure 
of  relative  height  is  proven  by  Tiirritella, 
rarely  excelled  in  relative  height  among 
gastropods,  l:)ut  possessing  a  triangular 
cross  section  and  lacking  a  dome  entirely 
(k=l). 

A  value  of  k  was  calculated  for 
each  specimen.  The  power  function  pro- 
vides an  accurate  approximation  of  spire 
geometry  from  whorl  2  to  the  end  of 
growth  (0.997  is  the  average  corre- 
lation coefficient  of  log  y  vs.  log  x). 
Thus,  four  points  were  used  in  the  calcu- 
lation: (WIDTII2,  HEIGH2),  (WIDTH3, 
HEIGH3),  (WIDTH4,  IIEIGH4),  and 
(WIDTHS,  HEIGHS).'  The  logarithmic 
transfomiation  of  the  power  function 

log  y  =  log  b   -I-   k(log  x) 

has  a  linear  form  in  which  k  is  the  slope 
and  log  1)  the  y  intercept.  A  linear  re- 
gression program  can  calculate  these 
parameters    when    \alues    of    the    original 


■'■  The  height  of  the  protoeonch  was  subtracted 
from  each  of  the  height  measures.  The  power 
function  apphes  only  to  the  accretionary  part  of 
shell  growth  and,  on  this  theme,  the  width  and 
height  variables  should  be  rephrased  as  "peipen- 
dicular  distance  from  axis  of  coiling  at  nth  whorl" 
and  "total  lieight  of  accretionar>-  part  of  shell  at 
nth   whorl." 
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Figure  3.  Arithmetic  and  log-log  plotting  of  width-height  pairs  for  a  typical  specimen  of  P.  ne/soni.  3a  (left),  arithmetic  plot. 
Curvature  represents  actual  shell  geometry  as  if  the  cartesian  grid  were  superimposed  upon  a  shell  turned  upside  down  so  that 
the  apex  lies  at  the  origin.  3b  (right),  logarithmic  plot.  The  straight  line  indicates  that  the  data  are  well  fit  by  the  power 
function  y  =r  bx'^.    From  Gould  (1966a). 


data  have  been  transformed  to  logarithms, 
k  vakies  for  more  than  1200  snails  were 
computed  by  DAS  AN  (reduced  major 
axis),  and  thanks  again  are  due  to  Dr.  T. 
R.  Waller  for  aid  in  adapting  his  program 
to  the  peculiarities  of  this  problem.  Figure 
3  depicts  the  deri\ation  of  this  measure 
in  graphical  form. 

25.  Ratio  of  height  to  width  at  the  out- 
set of  simple  allometric  growth,  INFORM 
(initial  form  index).  The  complete  de- 
scription of  a  line  in  a  coordinate  system 
requires  that  two  parameters  be  defined: 
the  slope  and  the  position.  Tlie  y  intercept 
is  usually  used  as  a  measure  of  position. 
Log  b,  the  y  intercept  of  the  log-trans- 
formed power  function,  is  an  inappropriate 
measure  for  two  reasons: 

a)  b  is  the  value  of  y  at  x=l.  An  x  value 
of  1  micrometer  unit  lies  well  outside  the 
range  of  sizes  for  which  the  equation  is 
valid  (x=30  to  150  units).  The  y  value  at 
an    X    of    1     is    biologically    meaningless. 

b)  b  and  k  are  not  independent.  When, 
as  in  this  case,  x  =  1  lies  well  below  the 
data  size  range,  the  correlation  of  b  and  k 


will  be  strongly  negative  and  this  will  be 
a  mathematical  artifact  of  the  choice  of 
measurement  units,  for  if  the  units  are  re- 
defined such  that  X  =  1  now  lies  above  the 
data  size  range,  the  correlation  of  b  and  k 
becomes  positive  ( White  and  Gould,  1965 ) . 
That  b  is  a  redundant  inverse  measure  of 
k  is  demonstrated  in  Figure  4,  depicting 
the  relationship  of  b  and  k  for  13  samples 
of  P.  cupula. 

Cock  ( 1966 )  suggests  the  simple  expedi- 
ent of  choosing  an  x  value  near  the  data 
mean  and  using  v  (the  predicted  xalue  of 
y  at  this  x)  as  a  measure  of  position.  A 
more  meaningful  measure  for  pulmonates 
is  the  value  of  y  at  an  x  at  the  outset  of 
simple  allometric  growth.  When  this  is 
expressed  in  ratio  with  x,  the  measure  of 
position  also  serves  as  a  form  ratio  giving 
the  basic  shell  shape  at  this  point.  Since 
the  power  function  applies  from  whorl  2 
onwards,  this  ratio  is  defined  as  HEIGH2- 
PRHIGH/WIDTH2,  the  influence  of  the 
non-accretionary  part  of  the  shell  upon  its 
total  height  again  being  removed. 

The  shape  of  the  spire  at  any  point  in 
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Figure  4.      Relationship  of  b  and  k   among   samples  of  P.   cupula,   illustrating  that  b  is  a   redundant  inverse  measure  of  k  for 
these  units  of  measurement. 


ontogeny  is  a  function  of  three  factors: 
KVALUE,  INFORM,  and  size  of  the  shell 
at  the  outset  of  simple  allometric  growth 
(WIDTH2  +  nEIGH2): 

i )  In  t\\'0  shells  of  identical  size  and 
shape  at  the  outset  of  simple  allometric 
growth,  that  shell  \\  ith  the  higher  K\'ALUE 
will  have  a  higher  and  more  strongly- 
domed  spire  at  equal  adult  sizes  because 
its  differential  growth  of  height  vs.  \\idth 
was  more  intense  than  that  of  the  other 
shell. 

ii)  In  two  shells  of  identical  KVALUE 
and  size  at  the  outset  of  simple  allometric 
growth,  that  shell  \\  ith  the  higher  INFORM 


will  have  a  higher  spire  at  equal  adult 
sizes  because  it  started  simple  allometric 
growth  with  a  higher  spire. 

iii)  In  two  shells  of  identical  KVALUE 
and  INFORM,  that  shell  which  began 
simple  allometric  growth  at  a  larger  size 
will,  at  equal  adult  sizes,  have  a  lower 
dome  because  the  same  rate  of  differential 
increase  in  height  vs.  width  operated  over 
a  smaller  range  of  size. 
3.  Non-Standardized  Variables: 

26.  Ma.ximum     width     of     the     shell, 
TWIDTII. 

27.  Maximum     height     of    the     shell, 
TIIEIGH. 
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28.  Total  number  of  whorls,  WHORLS. 
Measures  26-28  were  used  as  .x-values  in 
regressions  to  obtain  standardized  \alues 
for  measures  29-37.  B\-  themselves,  they 
do  not,  of  course,  appear  in  the  standard- 
ized matrices  of  means. 

29.  ^^'idth  of  the  umbilicus,  UMBILC. 
Predicted  values  at  the  standardized  size 
or  \\horl  number  for  variables  29-37  were 
obtained  by  regression. 

30.  Thickness  of  the  parietal  callus, 
CALLUS. 

3L  Maximum  width  of  the  aperture, 
APLOXG.  The  apertural  measures  31-37 
w  ere  taken  with  the  shell  oriented  as  fol- 
low s:  perpendicular  to  the  base  of  the 
microscope  such  that  the  outer  whorl 
periphery  (FGC  of  Figure  2)  appears  as 
a  line,  and  rotated  dextrally  (as  the  shell 
grows)  to  the  last  point  at  which  the  whorl 
periphery  at  the  aperture  (point  B)  forms 
the  extreme  right  margin  of  the  field  of 
\ision. 

32.  Maximum  height  of  the  aperture, 
APHIGIL 

33.  Length  of  the  parietal  portion  of 
the  inner  lip,  INNLIP.  Line  AC  of  Figure 
2. 

34.  Length  of  outer  lip  from  posterior 
extremity  of  aperture  to  whorl  peripher\- 
at  aperture,  OUTCAR.    Line  CB,  Figure  2. 

35.  Distance  from  whorl  periphery  at 
aperture  to  projection  of  point  C  upon 
line  AB.  UPPOFF.    Line  C'B,  Figure  2. 

36.  Distance  from  point  A  to  pro- 
jection of  lowermost  point  of  outer  lip  upon 
line  AB,  LOWOFF.    Line  AD',  Figure  2. 

37.  Distance  from  line  AB  to  lower- 
most point  of  outer  lip,  HALFAP.  Line 
D'D,  Figure  2. 

4.  Measures   Deri\ed   from   Non-Standard- 
ized Variables: 

38.  Ratio  of  total  width  to  total  height, 
WIDIVH.    rVVIDTPL/TIIEIGH. 

39.  Total  size  of  shell,  HPLUSW. 
TWIDTH  +  THEIGH. 

40.  Relative  A\idth  of  the  umbilicus. 
RELUMS.    UMBILC  HPLUS\^^ 

41.  Ratio      of      apertural      width      to 


apertural     height,    ALDIVW.     APLONG/ 
APHIGH. 

42.  Ratio  of  aperture  height  to  total 
height,  RELSPI  (relative  height  of  the 
spire).  APHIGH/THEIGH. 

43.  Upper  aperture  eccentricitv,  UP- 
PECC.  UPPOFF  APLONG  (i.e.,  C'B  AB 
in  Figure  2).  When  UPPECC  =  0.5,  triangle 
ACB  is  isosceles  and  the  upper  part  of  the 
aperture  is  said  to  be  non-eccentric.  Devi- 
ation from  0.5  in  either  direction  increases 
the  eccentricity  which  may  be  positive  or 
negative. 

44.  Lower       aperture       eccentricitv, 
LOWECC.       LOWOFF  APLONG      (i.e., 
AD'  AB  in  Figure  2).   When  LOWECC  = 
0.5,  triangle  ADB  of  Figure  2  is  isosceles. 

IV.    THE  ONTOGENY  OF 
POECILOZONITES 

A)  Principle 

Every  measure  of  shape  or  color  is  a 
function  of  size  in  Poecilozonitcs.  The 
ontogenetic  relationship  between  each  vari- 
able and  shell  size  is  allometric. 

B)  The  Ontogeny  of  Color 

The  treatment  of  banding  as  a  simple 
presence-absence  phenomenon  in  pulmo- 
nate  studies  obscures  the  fact  that  it  has 
an  ontogeny  which  may  be  complex.  The 
coloration  of  juvenile  shells  is  similar  in 
all  species  of  P.  (Poecilozonites) ;  features 
which  distinguish  species  and  subspecies 
rareh'  appear  before  completion  of  the 
second  whorl.  Deposition  of  color  begins 
on  the  last  1/2  whorl  of  the  protoconch  as 
even-sided  radial  stripes,  usually  four  in 
number  and  decreasing  in  width  towards 
the  protoconch  termination,  covering  the 
entire  outer  w^horl  surface  from  its  point 
of  contact  with  the  preceding  whorl  to  the 
umbilicus.  After  hatching,  the  even-sided 
radial  stripes  continue  for  approximately 
one  whorl.  Gradually  the  even-sided 
borders  gi\e  way  to  a  characteristic  zig- 
zag (flame)  pattern.  (The  etymology  of 
Poecilozonites,    variegated-banded,     refers 
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to  the  zigzag  pattern  of  early  ontogeny. ) 
Soon  afterwards,  eonstrietions  begin  to 
form  in  the  flame  in  areas  of  the  whorl 
which  will  not  be  banded  in  the  adult.  It 
is  only  at  this  point  that  banding  features 
characteristic  of  species  and  subspecies 
become  apparent  (recalling  von  Baer's  law 
of  the  development  of  special  from  general 
characters).  Tlie  similarity  early  in  ontog- 
eny of  shells  which  will  differ  markedly 
in  color  as  adults  has  been  noticed  but  not 
emphasized  in  studies  of  other  pulmonate 
genera.  Pink  ground  color  is  dominant  to 
yellow  in  Cepaea  nemoralis,  but  some  pinks 
develop  slowly  in  ontogeny,  gradually 
masking  the  yellow  color  of  early  whorls 
(Diver,  1929)'.  Owen  (1965)  distinguished 
four  morphs  (one  streaked  and  three 
pallid)  in  adults  of  the  African  land 
snail  LimicoJaria  martensiana.  The  cUstinc- 
tive  patterns  develop  gradually  during 
ontogeny.  "The  pohmorphism  is  most 
striking  in  fullgrown  snails,  while  in  snails 
less  than  10  mm  long  it  is  difficult  to 
distinguish  the  pallid  forms  from  each 
other,  and  in  snails  less  than  5  mm  long  it 
is  impossible  to  distinguish  any  of  the  color 
forms"  (Owen,  1965:  374). 

The  constrictions  become  more  and  more 
pronounced  and  may  even  become  com- 
plete, breaking  the  flame  into  segments. 
In  the  presumptive  band  regions,  mean- 
while, the  flame  segments  become  wider 
and  begin  to  approach  each  other.  The 
formation  of  the  solid  band  is  not,  as 
Pilsbry  (1SS8:  289)  believed,  a  simple 
matter  of  flame  coalescence,  however.  The 
flames  do  become  relatively  wider,  but 
interstitial  color  is  also  laid  down  between 
the  flame  segments  in  the  presumptive 
band  areas.  The  formation  of  the  solid 
band  is  a  result  of  both  processes. 

The  species  of  Poecilozonites  do  not 
exhibit  the  impressive  array  of  color  and 
band  patterns  shown  by  such  highly  poly- 
morphic genera  as  Lia^inis,  Partula,  or  even 
Cepaea.  Band  color  is  invariably  chestnut 
brown  and  although  bands  may  vary 
greatly  in  width  and  intensity  of  coloration, 


their  number  never  exceeds  three,  and  the 
position  of  these  three  is  invariant:  two  on 
the  upper  whorl  surface  (one  below  the 
upper  periphery,  the  other  just  above  the 
lower  periphery)  and  one  just  below  the 
whorl  peripher\-.  In  addition,  there  may 
be  a  supplementary  wash  of  color  (not  a 
true  band,  for  it  lacks  a  previous  flame 
stage  and  has  no  definable  borders)  be- 
tween the  subperipheral  band  and  the 
umbilicus. 

The  order  of  flame-band  transitions  is 
invariant  and  occurs,  so  to  speak,  from  the 
bottom  up.  The  subperipheral  band  al- 
ways forms  first,  the  band  above  the  lower 
\\'horl  periphery  next  and  the  uppermost 
band  last.  Moreover,  all  the  bands  continue 
to  increase  in  relati\'e  with  during  ontog- 
eny, the  uppermost  band  doing  so  fastest 
of  all.  If  growth  continues  sufficiently,  the 
bands  fuse. 

I  have  adopted  a  coding  system  for 
banding  patterns  based  upon  that  used  by 
students  of  Cepaea.  Starting  from  the 
upper  whorl  periphery,  the  uppermost 
band  is  1,  the  band  above  the  lower 
periphery  2,  the  subperipheral  band  3,  and 
the  supplementary  color  wash  above  the 
umbilicus  S  (for  it  is  not  a  true  band).  If 
the  flame-band  transition  has  not  occurred 
by  the  fifth  whorl,  a  superscript  "f"  is 
added  after  the  number  of  the  band.  If, 
as  in  some  forms  of  P.  cupula,  a  band  is 
less  than  1  10  the  whorl  width  (at  which 
point  it  would  customarily  be  called  a 
"line"  rather  than  a  band),  a  superscript 
"n"  is  added  after  the  number  of  the  band. 
If  a  band  is  completely  absent  at  the  fifth 
whorl,  its  position  is  recorded  as  0.  (In 
Cepaea,  0  implies  that  no  aspect  of  the 
band  ever  forms.  This  ne\cr  happens  in 
Poecilozonites.  Flame  predecessors  of  the 
band  always  appear  on  the  early  \\'horls, 
but  in  some  morphs,  the  flames,  rather 
than  increasing  in  strength,  become  gradu- 
ally weaker  and  are  finally  effaced.  When 
the  supplementary  color  wash  is  absent, 
no  0  is  recorded  because  it  has  no  flame 
stage.)    Bands  which  are  fused  by  the  end 
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of  the  fiftli  whorl  are  enclosed  in  paren- 
theses. Thus,  when  a  specimen  has  three 
discrete  hands  and  a  siipplementar\-  wash 
at  tlu>  end  of  the  fifth  whorl,  it  is  recorded 
as  123S  (a  common  pattern  for  P.  hcr- 
mndcnsis  zonatus).  If  the  upper  band  has 
\  et  to  form  ( flames  being  present ) ,  the 
second  band  is  less  than  1/10  the  whorl 
width,  the  third  band  is  normal,  and  the 
supplementar\-  wash  absent,  the  shell  is 
coded  l'"2"3  (one  of  the  morphs  of  P. 
cti})ida  ctiptdoidcs:  another  morph  of  the 
same  subspecies  lacks  all  but  the  upper 
band  and  is  coded  100). 

In  conclusion,  the  ontogeny  of  banding 
in  Poecilozonites  is  marked  by  a  gradual 
and  continual  increase  in  the  intensity  of 
coloration.  This  increase  is  manifested  in 
two  wa>s:  by  the  transition  from  inter- 
mittent flammules  to  a  solid  band  and  by 
the  increase  in  relative  width  of  the  bands, 
often  resulting  in  their  eventual  fusion. 

C)    The  Ontogeny  of  Shape 

The  complexity  of  allometric  trends  in 
the  ontogeny  of  Poecilozonites  results  pri- 
marily from  the  interplay  of  two  factors: 

1.  "Nucleating"  influence  of  the  proto- 
conch:  The  protoconch  of  Poecilozonites 
forms  within  the  egg.  The  adaptive  signif- 
icance of  its  shape  is  probably  related  to 
functional  and  mechanical  pressures  not 
rele\ant  to  later  accretionary  growth.  Its 
basic  shape,  therefore,  may  be  expected  to 
bear  little  relation  to  those  shapes  produced 
by  developmental  trends  operating  during 
the  post-embryonic  life.  Yet  the  proto- 
conch is  a  nucleus  about  which  the  post- 
embryonic  shell  must  form  and,  like  the 
cubic  nucleus  of  a  spherical  concretion,  its 
influence  will  not  be  overcome  until  the 
sliell  has  built  out  a  fair  distance  from  it. 

Two  features  of  protoconch  form  are 
especially  relevant  to  its  nucleating  in- 
fluence  (Plate  3,  Figs.  6-7): 

a)  It  has  a  very  low  spire. 

b)  The  aperture  is  high  and  narrow. 

Upper   and    lower   apertural   eccentricities 
( see  Chapter  3,  section  C,  items  43  and  44 ) 


are  very  strong  (LOWECC  and  UPPECC 

measuring  close  to  0.0).  I  suspect  that 
mechanical  limitations  of  space  within  the 
egg  largely  determine  the  protoconch's 
quadrate,  blocklike  shape. 

2.  Influence  of  doming  in  post-embry- 
onic growth:  Post-embryonic  growth  begins 
with  a  strong  increase  in  relative  width, 
gradually  converting  the  quadrate  proto- 
conch to  the  wide,  low  shape  characteristic 
of  early  whorls.  As  growth  proceeds,  the 
effects  of  doming  become  dominant; 
growth  in  height  exceeds  that  of  width, 
height  of  the  spire  increases  relative  to 
height  of  the  aperture,  and  the  shell  be- 
comes relatively  higher.  Three  stages  in 
the  ontogeny  of  the  aperture  and  spire 
may  be  defined: 

a)  protoconch:     low     spire,    relati\ely 
high  aperture,  low  width  height 

b)  intermediate:    low    spire,  relatively 
wide  aperture,  high  width  height 

c)  maximum     size:     high     spire,     re- 
lativel\-  high  aperture,  low  width  height. 

The  similarity  of  protoconch  and  adult 
in  some  measures  of  gross  morphology  does 
not  indicate  any  functional  similarity,  since 
the  resemblance  is  attained  in  different 
ways.  (A  relatively  high  aperture  deter- 
mines the  low  width  height  ratio  of  the 
protoconch;  the  same  low^  ratio  in  a  large 
shell  is  mainly  a  function  of  spire  height. ) 
The  loss  and  reacciuisition  of  certain  shapes 
do,  however,  lead  to  complex  bi\ariate 
trends  in  ontogeny.  Take,  for  example,  the 
relationship  of  aperture  length  and  aperture 
height'.  Figure  5  depicts  this  relationship 
for  an  average  specimen  of  P.  hermudensis 
zonatus.  The  concave  upward  trend  of  the 
curve  reflects  the  doming  influence  in  post- 


^  Tills  relationship  should  be  studied  longi- 
tudinalh'  ( as  it  dexelops  in  single  specimens )  not 
cioss-sectionally  ( inferred  from  mass  curs'es  in 
which  each  point  is  a  specimen).  This  can  be 
done  by  measuring  a  large  specimen  and  then 
carefully  Ijreaking  off  a  section  at  a  time  to 
obtain  points  for  earlier  ontogeny.  Since  tlie  in- 
cremental striae  represent  former  apertmal  posi- 
tions, the  shell  can  be  trimmed  back  quite 
precisely  to  any  of  its  former  apertures. 
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Figure  5.  The  determinants  of  ontogenetic  allometry:  "nu- 
cleating influence"  of  protoconch  and  doming  In  post-proto- 
conch  ontogeny.  Longitudinal  data  based  on  a  single  P. 
bermudensis  zonatus  from  Government  Quarry.  Pattern  com- 
pletely general  for  the  genus.  5a  (above)  in  micrometer 
units  at  1    unit  :=  .0727  mm.     5b    (below)    in   mm. 


protoconch  growth;  the  increase  of  height 
relative  to  width  is  evident  in  the  form  of 
the  curve.  If  this  curve  had  its  origin  at 
(0,0),  the  ontogeny  of  the  apertural  form 
ratio  would  be  simple:  the  relative  height 
of  the  aperture  wcnild  increase  in  an  even 
fashion.  Due  to  the  nucleating  influence 
of  the  protoconch,  however,  the  curve  does 
not  begin  at  ( 0,0 )  and  the  ontogeny  of  the 
form  ratio  is  complex  (Fig.  5b).  There  is, 
at  first,  a  sharp  decrease  in  relative  height 
as  the  initial  flattened  increments  are 
accreted  onto  the  high  protoconch.  This 
decrease  is  not  reversed  until  the  third 
whorl,    when    the    doming    trend    bcomes 


dominant  and  relative  height  of  the  aper- 
ture begins  to  increase. 

In  the  last  chapter,  the  variables  of  this 
study  were  grouped  into  four  categories: 
standardized,  derived  standardized,  non- 
standardized,  and  derived  non-standard- 
ized. Variables  in  the  first  two  categories 
have  no  ontogeny,  though  the  biological 
features  that  they  measure  may  undergo 
allometric  growth.  (Although  the  whorl 
number  of  a  flame-band  transition  is  a 
single  point  with  no  ontogeny,  the  tran- 
sition itself  reflects  a  trend  towards  increas- 
ing intensit\-  of  coloration.  Although  the 
differential  growth  ratio  is  constant  for  a 
shell,  its  magnitude  measures  the  most 
important  feature  of  post-protoconch  allo- 
metr\'  —  the  intensity  of  doming. ) 

A  variable  by  \ariable  description  of 
allometry  in  the  ontogeny  of  non-standard- 
ized variables  and  ratios  is  presented 
below : 

a)  UMBILC:  The  width  of  the  umbili- 
cus increases  rather  rapidh"  to  a  maximum 
size,  after  which  it  remains  constant  or,  in 
high-spired  shells,  decreases  by  constric- 
tion  (Fig.  6). 

b)  RELUMS:  The  relative  width  of  the 
umbilicus  increases  slightly,  then  decreases 
evenly  throughout  growth.  RELUMS  is  a 
conventional  pulmonate  measure  (used 
by  Pilsbr\-  in  his  taxonomic  studies  of 
Poecilozonites),  and  its  use  is  often  justi- 
fied as  a  means  of  obtaining  comparisons 
that  will  be  independent  of  size.  It  is 
ironic  that  just  the  opposite  effect  results 
from  its  use  in  Poecilozonites.    The  raw 
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Figure  6.  Typical  ontogenetic  development  of  umbilical 
width  in  P.  (Poeci/ozon/tes).  Early  rapid  increase  followed 
by  stability.     In  mm. 
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measure  UMBILC  rapidly  reaches  a  maxi- 
mum dimension  which  usually  remains 
invariant  during  growth.  When  a  constant 
is  used  as  the  numerator  in  a  ratio  with 
size,  \ ariation  of  the  ratio  with  growth  will 
be  completely  due  to  increase  in  its  de- 
nominator, and  the  stated  purpose  of  the 
ratio  is  confounded.  For  later  ontogeny  at 
least,  UMBILC  itself  is  the  size-independ- 
ent measure. 

c)  CALLL^S:  The  parietal  callus  is  ab- 
sent in  P.  cupula.  In  P.  nclsoni  and  P. 
hcnnudcmls  zoiuitus,  it  rarely  forms  until 
the  fourth  whorl,  thereafter  increasing 
gradually  in  relative  thickness.  Complexity 
is  introduced  when  callus  thickening  con- 
tinues during  a  growth  pause;  a  snail  which 
esti\ated  for  several  months  at  whorl  5  and 
then  began  to  grow  rapidh"  will  show  an 
initial  decrease  followed  by  the  usual 
gradual  increase. 

d)  WIDIVH:  The  relative  width  of  the 
shell  increases  until  the  protoconch's  in- 
fluence is  overcome;  then  it  decreases 
gradually  (doming  effect  of  post-proto- 
conch  ontogeny). 

e)  ALDR'W:  The  relative  width  of  the 
aperture  increases  sharply  at  first,  then 
more  slowh'  until  the  nucleating  influence 
is  overcome.  Thereafter,  as  a  result  of  dif- 
ferential increase  in  shell  height  measures, 
it  decreases  slowly. 

f)  RELSPI:  The  spire  of  the  protoconch 
is  virtualK-  flat.  Throughout  postembryonic 
growth,  height  of  the  spire  increases  rela- 
tive to  height  of  the  aperture  and  RELSPI 
(aperture  height/total  height)  undergoes 
a  regular  decrease  throughout  ontogeny. 

g)  UPPECC:  Increases  sharply  at  first 
as  the  flattened  early  whorls  are  added  to 
the  quadrate  protoconch.  Thereafter,  a 
slight  decrease  occurs  as  the  aperture  in- 
creases slowl\-  in  relati\e  height. 

h)  LOWECC:  With  RELSPI,  the  only 
ratio  measure  displaying  an  unreversed 
trend  in  ontogeny.  Lower  eccentricity  of 
the  protoconch  is  0.0;  it  increases  slowh 
during  ontogeny  up  to  the  fourth  whorl. 
During  formation  of  the  fifth  whorl,  a  large 
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Figure  7.  Typical  ontogenetic  development  of  lower  aper- 
tural  eccentricity:  slow  increase  followed  by  rapid  increase 
late  in  ontogeny.  Figs.  5-7  based  on  the  same  specimen, 
which  displays  patterns  completely  general  for  the  genus. 
In  mm. 


and  rapid  expansion  occurs  (Fig.  7). 
LOWECC  is  the  only  measure  of  shape 
w'hich  consistently  undergoes  its  most 
rapid  modification  during  a  late  stage  of 
ontogeny. 

With  minor  exceptions  (P.  cu])uhi  lacks 
a  callus;  the  umbilicus  becomes  constricted 
in  high-spired  forms ) ,  the  same  ontogenetic 
trends  appl\-  to  all  species  of  P.  ( Poecilo- 
zonites). 

V.    INTERRELATIONSHIPS  OF  VARIABLES 

It  seemed  to  tfie  writers,  as  it  has  to  others, 
that  character  chariges  occurring  in  evolu- 
tion of  species  could  not  be  considered  to 
be  independent  of  each  other  and  that 
studies  which  did  not  consider  this  depend- 
ency ignored  a  significant  aspect  of  change. 
Olson  and   Miller,    1958:    1 

A)   Factor  Analysis 

A  matrix  of  distance  measures,  itself  a 
major  reduction  of  raw  data,  is  still  suffi- 
ciently N'ast  in  scope  to  mask  patterns  of 
interrelation  among  man\-  \ariables.  Some 
technique  must  be  applied  to  abstract  a 
simpler  pattern  from  the  matrix. 

Factor  analysis,  the  technique  used  here, 
resolves  a  set  of  samples  (Q  mode)  or 
\ariables  ( R  mode )  into  a  far  smaller  num- 
ber of  reference  axes.  Each  sample  or 
variable  is  depicted  as  a  vector;  vectors 
radiate    from    a    common    point    and    the 
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cosine  of  the  angle  between  any  two  is  a 
measure  of  their  correlation.  Thus,  per- 
fectly correlated  vectors  will  overlap 
(cosine  of  0°  =  1),  while  orthogonality 
(right  angle  separation)  reflects  a  corre- 
lation of  zero.  Reference  axes  are  con- 
structed within  the  vector  set;  various 
schemes  for  positioning  these  axes  can  be 
used  in  the  attempt  to  reach  meaningful 
solutions.  In  the  principal  components 
solution,  the  first  reference  axis  is  that 
which  resolves  the  most  information  pos- 
sible for  any  single  axis.  Since  the  high 
positive  correlation  between  most  body 
parts  in  ontogeny  is  due  to  the  common 
factor  of  increasing  body  size,  this  axis  has 
been  widely  interpreted  as  a  general  growth 
factor  in  IVmode  analysis  (Teissier,  1948, 
1955;  Matsuda  and  Rohlf,  1961;  JoHcoeur 
and  Mosimann,  1960;  Ouellette  and  Quadri, 
1966).  When  an  orthogonal  criterion  is 
maintained  for  reference  axes  (mutual 
orthogonality  =  mutual  independence), 
other  axes  are  constrained  to  lie  perpendic- 
ular to  the  first  principal  component. 
These  axes  mav  be  mathematical  abstrac- 
tions  having  no  special  claim  to  biological 
interpretability,  and  the  method  has  been 
attacked  from  this  standpoint.  If  attempts 
are  made  to  provide  the  reference  axis 
itself  with  some  biological  meaning,  this 
objection  is  potentially  valid.  But  the  axes 
can  also  be  considered  merely  as  references 
for  defining  the  positions  of  vectors  within 
the  set.  It  is  in  this  latter  sense  that  factor 
analysis  is  comparable  to  other  multivariate 
clustering  techniques.  Thus  Boyce  ( 1964 ) , 
in  a  Q-mode  study  of  hominoids,  used  the 
principal  components  axes  as  coordinate 
systems  for  a  set  of  two-dimensional  slices 
through  the  vector  swarm.  Plots  of  vector 
positions  on  a  series  of  such  slices  provide 
a  pictorial  representation  of  sample  inter- 
relationships that  is,  in  many  ways,  superior 
to  hierarchical  dendrograms  ( for  these  give 
no  direct  measure  of  relative  distances 
among  individual  samples  in  different  clus- 
ters ) .  I  have  used  factor  axes  in  this  second 
sense — as  references   about  which  vectors 


may  cluster.  It  is  the  clustering  that  de- 
mands interpretation.  My  rationale  for  ro- 
tating the  reference  axes  to  positions  in 
coincidence  with  actual  vectors  (see  next 
paragraph)  is  not  that  the  axes  then  claim 
greater  interpretability,  but  that  they  will 
be  more  likely  to  lie  near  (and  therefore 
serve  as  references  for )  groups  of  associated 
vectors. 

In  the  xarimax  solution,  reference  axes 
keep  their  positions  relative  to  each  other, 
but  the  entire  system  is  rotated  within  the 
set  of  vectors  so  that  the  axes  fall  nearest 
those  vectors  which  lie  at  geometric  ex- 
tremes of  the  vector  set.  In  Q-mode  plots 
discussed  in  Chapters  6-10,  varimax  axes 
are  used  for  coordinate  systems.  In  the 
oblique  solution,  used  throughout  this 
chapter,  the  criterion  of  mutual  orthogo- 
nality is  abandoned  and  actual  vectors  lying 
at  extreme  positions  in  the  vector  swarm 
are  used  as  reference  axes.  The  final  step 
of  each  analysis  is  a  matrix  whose  elements 
represent  the  projection  of  each  variable 
on  each  reference  axis.  Each  variable  is 
grouped  with  the  reference  axis  upon 
which  its  vector  most  strongly  projects.  A 
reference  axis  (itself  a  variable)  and  its 
associated  variables  form  a  set  which  may 
delimit  a  functional  complex  of  inter- 
dependent measures  mirroring  a  common 
causal  factor.  Factor  analyses  were  per- 
formed on  the  Columbia  University  IBM 
7094  using  Manson  and  Imbrie's  ( 1984 ) 
program  COVAP.  See  Manson  and  Imbrie 
(1964),  Imbrie  and  Van  Andel  (1964), 
and  Gould  ( 1967 )  for  more  information 
on  this  program. 

B)   Inferrelafionships  of  Variables: 
Eight  Reference  Axes 

As  an  example,  I  shall  discuss  the  oblique 
projection  matrix  of  a  particularly  favorable 
sample.  COVAP  does  not  handle  matrices 
with  missing  data;  since  approximation  was 
rejected  as  a  source  of  bias,  variables 
which  could  not  be  measured  in  all  speci- 
mens were  omitted  from  the  analyses. 
These  Government  Quarry  snails   (locality 
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5)  pack  a  Shore  Hills  fissure  in  such 
a])undance  that  local  c|uarr)incn  call  this 
area  'the  graveyard."  Preser\ation  is  ex- 
cellent and  all  variables  (with  the  excep- 
tion of  COLORS)  could  be  measured  in 
all  specimens.  Since  factor  anahsis  assumes 
linear  relationships  among  variables,  the 
entire  size  range  cannot  be  used  (see 
Chapter  4  on  complex  relationships  caused 
b\-  the  protoconch's  "nucleating"  influence 
upon  early  whorls).  If  the  smallest  speci- 
mens are  safel\-  be\'ond  the  point  of  zero 
slope  for  non-monotonic  relationships,  then 
the  linear  approximation  is  sufficiently 
accurate.  The  25  Government  Quarry 
specimens,  \'arying  from  23.2  to  37.8  mm 
in  HPLUSW,  range  in  whorl  number  from 
5  to  6ls;  45  \ariables  were  resoKed  into 
8  reference  axes  which  accounted  for  91.3 
per  cent  of  the  total  information. 

Interpretation  of  \  ariable  clusters  ( Table 
3): 

Axis  1:  All  non-standardized  raw  meas- 
ures with  the  exception  of  UMBILC, 
CALLUS,  and  UPPOFF,  sort  with  the 
first  axis.  In  addition,  two  strongly  size- 
dependent  ratios— LOWECC  and  VeLSPI 
— have  their  highest  projections  on  this 
axis  (the  projection  of  liELSPI  is  negative, 
since  its  value  decreases  with  increasing 
size).  The  biological  interpretation  of  this 
association  is  clear:  it  includes  all  those 
measures  most  strongly  correlated  with 
specimen  size  and  is  therefore  termed  the 
size  cluster. 

Axis  2:  All  the  standardized  measures 
of  earlv  whorl  heights  sort  with  this  axis. 
INFORM  ( HEIGH2-PRHIGH/\VIDTH2) 
includes  measures  of  this  group  as  its 
numerator;  K\'ALUE  projects  negativelv" 
because  high  intensity  of  doming  implies 
a  flattened  apex  and  correspondingly  low 
early  heights.  The  association  of  these 
variables  produces  a  shell  which  is  rela- 
ti\eh'  high  early  in  ontogeny  and.  conse- 
quently, not  strongly  domed. 

Axis  3:  A  heterogeneous  group  of 
\  ariables  sharing  the  common  attribute  of 
tending  to  produce  a  relatively  wide  shell. 


Although  it  is  a  non-standardized  variable, 
UMBILC  does  not  sort  with  the  first  axis, 
because  its  value  is  independent  of  size 
in  the  range  of  this  analysis.  The  form 
ratio  of  the  shell  is  the  main  determinant 
of  its  varial)ility;  a  relatively  wide  shell 
mechanicalK-  produces  a  wide  umbilicus. 
WIDIVH,  although  correlated  with  size, 
is  in  this  case  more  strongly  influenced  by 
shape  factors  tending  to  produce  a  rela- 
tively wide  shell.  RELUMS  is  a  redundant 
measure  sorting  either  with  its  numerator 
or  denominator.  A  relatively  wide  shell 
tends  to  be  low  at  late  whorl  numbers 
(negative  projections  of  HEIGH5  and 
HEIGH4),  to  have  a  sharp  periphery  (low 
PSANGL)  and,  by  definition,  a  low 
height/width  ratio  at  standardized  whorl 
numbers.^ 

Axis  4:  Standarized  widths  of  later 
whorls.  TSIZE5  includes  WIDTH5  as  part 
of  its  measure.  The  inclusion  of  DANGLE, 
if  biologically  significant,  implies  that  a 
shell  which  is  large  at  a  late  whorl  has  a 
low  apertural  inclination. 

Axis  5:  Protoconch  width:  The  inclusion 
of  early  whorl  widths  indicates  the  extent 
to  which  their  value  is  not  independent  of 
the  protoconch.  As  more  whorls  are  added, 
the  protoconch  width  makes  up  progres- 
sively less  of  the  total  width  and  its  in- 
fluence is  overcome,  usualh  b\  the  fourth 
whorl. 

Axis  6:  LI/CAR  (INNLIP/OUTCAR), 
the  reference  for  this  group,  is  not  included 
in  the  listing  of  Chapter  3  because  it  was 
found  to  be  a  redundant  inverse  measure 
of  UPPECC.  All  \ariables  sorting  with 
this  axis  are  related  to  the  upper  part  of 
the  outer  lip  of  the  aperture.    OUTCAR, 


^  As  given  in  Chapter  .3,  RATIOS  =  WIDTIIS/- 
nEIGH5.  This  will  be  its  definition  in  the  ma- 
trices of  means.  In  the  factor  analyses  described 
in  this  chapter,  its  value  is  inverted  (height  - 
width).  I  regret  the  confusion,  but  took  tliis 
expedient  because  the  regression  program  DASAN 
printed  out  height  widtl:  ratios  at  eacli  whorl  for 
each  specimen  ( gi\  ing  l)oth  INFORM  and 
RATI05). 
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Table  3.     Oblique  projectio.n  .matrix,  government  quarry  sample 


Axis   1 

Axis   2 

Axis   3 

Axis   4 

A.xis   5 

Axis   6 

Axis   7 

Axis   8 

WHORLS 

1.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

LOWECC 

0.906 

-0.088 

0.023 

0.731 

0.140 

0.469 

0.236 

0.497 

LOW'OFF 

0.895 

-0.061 

0.086 

0.770 

0.220 

0.408 

0.097 

0.422 

INXLIP 

0.771 

-0.002 

0.009 

0.570 

0..382 

0.437 

-0.374 

-0.260 

TWIDTH 

0.706 

0.011 

0.193 

0.529 

0.318 

0.043 

-0.305 

-0.113 

HPLUSW 

0.706 

-0.009 

0.013 

0.399 

0.330 

-0.010 

-0.302 

-0.223 

APWIDT 

0.697 

0.037 

0.165 

0.583 

0.305 

0.040 

-0.291 

-0.052 

THEIGH 

0.663 

-0.035 

-0.232 

0.202 

0.329 

-0.084 

-0.280 

-0.362 

APHIGH 

0.587 

-0.029 

-0.072 

0.464 

0.350 

0.036 

-0.379 

-0.391 

HALFAP 

0.516 

0.015 

0.051 

0.499 

0.369 

-0.114 

-0.317 

-0.226 

OUTCAR 

0.515 

-0.002 

0.011 

0.318 

0.252 

-0.380 

-0.263 

-0.178 

RELSPI 

-0.641 

0.048 

0.456 

0.344 

-0.073 

0.230 

-0.086 

0.101 

TOTECC 

-0.803 

0.043 

-0.043 

-0.657 

-0.099 

-0.084 

-0.210 

-0.464 

HEIGHl 

0.000 

1.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

HEIGH2 

0.054 

0.922 

-0.243 

-0.067 

0.058 

-0.067 

0.004 

-0.341 

PRHIGH 

0.164 

0,911 

0.220 

0.247 

-0.262 

-0.084 

0.282 

0.470 

INFORM 

0.020 

0.827 

-0.388 

-0.226 

-0.063 

-0.040 

-0.009 

-0.523 

HEIGH3 

-0.130 

0.724 

-0.501 

0.008 

0.109 

-0.294 

0.048 

-0.429 

RVALUE 

-0.153 

-0.962 

-0.060 

-0.116 

0.331 

-0.399 

0.154 

0.292 

UMBILC 

0.000 

0.000 

1.000 

0.000 

0.000 

0.000 

0.000 

0.000 

WIDIVH 

-0.337 

0.116 

0.813 

0.351 

-0.173 

0.213 

0.073 

0.576 

RELUMS 

-0.531 

0.025 

0.660 

-0.316 

-0.207 

-0.003 

0.207 

0.171 

HEIGH5 

-0.181 

0.076 

-0.639 

0.491 

0.466 

-0.368 

-0.274 

-0.548 

HEIGH4 

-0.252 

0.357 

-0.710 

0.112 

0.435 

-0.424 

-0.116 

-0.589 

PSANGL 

-0.174 

-0.435 

-0.898 

-0.435 

0.087 

-0.288 

0.101 

-0.703 

RATI0.5 

-0.171 

0.037 

-0.925 

-0.129 

0.160 

-0.604 

0.095 

-0.446 

DANGLE 

0.000 

0.000 

0.000 

1.000 

().()()() 

0.000 

0.000 

0.000 

WIDTHS 

-0.046 

-0.062 

0.269 

0.846 

0.553 

0.259 

-0.575 

-0.324 

TSIZE5 

-0.128 

0.004 

-0.190 

0.788 

0..595 

-0.046 

-0.503 

-0.502 

\VIDTH4 

0.001 

-0.166 

0.216 

0.785 

0.643 

0.245 

-0.467 

-0.273 

PRW'IDT 

0.000 

0.000 

0.000 

0.000 

l.OOO 

0.000 

0.000 

0.000 

WIDTH 1 

0.031 

-0.057 

O.093 

-0.107 

0.993 

-0.065 

-0.127 

-0.315 

WIDTH2 

-0.004 

-0.157 

0.132 

0.220 

0.957 

-0.018 

-0.260 

-0.284 

WIDTHS 

-0.117 

-0.170 

0.164 

0.469 

0.911 

0.101 

-0.426 

-0.305 

LI/CAR 

0.000 

0.000 

0.000 

0.000 

0.000 

1.000 

0.000 

0.000 

UPPOFF 

0.447 

0.070 

0.133 

0..349 

0.145 

-0.531 

-0.152 

0.048 

UPPECC 

0.111 

0.088 

0.062 

0.112 

-0.051 

-0.928 

0.027 

0.128 

COLOR4 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

1.000 

0.000 

COLOR5 

0.1.32 

-0.098 

-0.109 

-0.103 

-0.032 

-0.056 

0.894 

-0.254 

PRDEGR 

0.236 

-0.056 

-0.088 

-0.014 

0.495 

0.092 

0.525 

0.071 

LOW'COL 

0.093 

-0.052 

-0.180 

0.233 

-0.243 

-0.347 

0.383 

-0.303 

ONSELO 

-0.393 

-0.159 

-0.071 

-0.197 

0.624 

-0.285 

-0.703 

0.373 

ONSEUP 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

1.000 

ALDIVW 

0.397 

0.194 

0.670 

0.362 

-0.130 

-0.016 

0.225 

0.870 

CALLUS 

0.258 

0.080 

-0.573 

-0.011 

0.109 

-0.137 

-0.463 

-0.729 
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another  xariahlc  in  morphological  proxiniitx' 
to  these,  sorts  \\ith  the  size  axis  (though 
more  weakK  than  an\-  other  \ariable  of 
that  group),  hut  also  projects  fairly  strongly 
on  axis  6. 

Axis  7:  Color:  All  but  one  of  the  color 
measures  sort  with  axis  7  as  a  discrete 
group.  Band  onsets  (ONSELO)  correlate 
negatively  with  \ariables  measuring  the 
relative  width  of  color  bands.  ONSELO  is 
the  whorl  number  of  a  flame-band  tran- 
sition; the  transition  occurs  at  a  high  whorl 
number  if  coloration  is  weak.  The  weak 
sorting  of  PRDEGR  with  this  axis  is  prob- 
ably spurious;  it  projects  almost  as  highh 
upon  the  PR\MDT  axis. 

Axis  8:  A  difficult  axis  to  interpret.  The 
association  of  a  relatively  wide  aperture 
and  a  weak  callus  could  record  the  effects 
of  size  (both  are  characteristic  of  small 
specimens).  The  inclusion  of  ONSEUP  is 
confusing;  weak  color  is  also  a  feature  of 
small  specimens,  but  ONSEUP  is  a  stand- 
ardized variable  and  cannot  directly  reflect 
size.  CALLUS  might  be  expected  to  sort 
with  the  first  axis,  but  variation  in  its 
thickness  due  to  growth  pauses  ( see  Chap- 
ter 4)  is  sufficient  to  mask  the  weaker 
correlation  with  size.  The  callus  is  already 
fairly  well  developed  by  the  fifth  whorl; 
if  a  wider  size  range  were  used  in  this 
anah'sis,  the  primary  correlation  with  size 
would  assert  itself.  The  eighth  axis  accounts 
for  onl\-  a  small  part  of  the  total  infor- 
mation and  its  associations  are  probably 
not  significant.  Nonetheless,  the  use  of 
many  axes  mav  define  weak  associations 
which  are  otherwise  overwhelmed  by  such 
dominant  factors  as  size. 

The  status  of  ALDIVW  illustrates  the 
caution  with  which  data  of  this  type  must 
be  approached.  In  longitudinal  studies 
ALDR'W  always  declines  during  ontogeny, 
although  that  decline  is  slight.  Here,  how- 
ever, the  projection  of  ALDI\'\\'  on  the 
size  axis  is  weak  but  positive.  The  data 
used  for  these  anaKsis  fall  into  the  "mixed 
cross-sectional"  category  of  Cock  ( 1966 ) . 
One  set  of  measures  is  made  per  specimen 


and  no  age  criteria  are  a\ailable.  "Variation 
in  size  and  shape  at  a  fixed  age,  and  vari- 
ation due  to  age  are  inseparabl\-  con- 
founded" (Cock^  1966:  236);  ontogeny 
may  be  poorl\-  represented,  or  even  mis- 
represented, b\-  such  data.  Figure  8  depicts 
the  relationship  of  ALDIVW  \s  HPLUSW 
for  46  specimens  from  Go\ernment  Quarr\ . 
It  the  entire  size  range  is  considered  and 
the  circled  points  ignored,  the  mixed  cross- 
sectional  trend  faithfully  represents  the 
negative  correlation  of  individual  ontogeny. 
When  the  size  range  is  compressed,  the 
influence  of  the  static  component  (that 
due  to  \ariation  at  a  given  size)  increases 
and,  in  this  case,  actually  reverses  the 
correlation.  The  largest  specimens  of  most 
Poecilozonifcs  samples  tend  to  be  relatively 
wide.  When  the  circled  points  ( 7  of  the  10 
largest  specimens)  are  included  and  onh 
those  specimens  reaching  5  whorls  con- 
sidered, the  correlation  becomes  slightly, 
though  insignificantly,  positive. 
In  conclusion: 

a)  Absolute  size  is  the  dominant  factor 
in  relationships  among  non-standardized 
\ariables  and  the  measures  derived  from 
them.  Only  two  complexes  of  non-stand- 
ardized variables  fail  to  associate  with  the 
size  cluster — those  dealing  with  relative 
width  of  the  shell  and  the  upper  part  of 
the  outer  lip  of  the  aperture. 

b)  Of  standardized  variables  and  their 
derived  measures,  the  following  is  noted: 

i)   Heights  and  widths  sort  separately. 
There   is,  moreo\er,   a   tendenc\'   for  their 
assortment  into  four  clusters:  early  heights, 
late  heiglits,  early  widths  and  late  widths 
In  this  analysis 

1 )  early  heights  are  associated  with 
measures  of  doming  intensity. 

2)  late  heights  group  most  strongly 
(negatively)  with  variables  producing  a 
shell  of  high  relative  width. 

3)  early  widths  (the  value  of  which 
includes  the  protoconch  width )  sort  with 
the  protoconch  width. 

4)  the  later  widths  constitute  a  sepa- 
rate assemblage. 
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Figure  8.  Apertural  form  ratio  vs.  shell  size  for  all  measured  specimens  of  the  Government  Quarry  sample  of  P.  bermudens/s 
zonatus.  Consult  text  for  interpretation  of  regression  and  circled  points.  Dotted  line  separates  specimens  of  five  whorls  or 
more  from  specimens  of  smaller  whorl  number.  The  factor  analysis  described  in  text  considered  only  those  specimens  reaching 
five  whorls. 


ii)   Color   measures   sort   as    a   discrete 
cluster. 

C)   Hierarchy  of  Interdependence: 
Successive  Reduction  of  Axes 

The  8-axis  scheme  is  a  horizontal  transect 
through  a  hierarchical  structure  of  inter- 
relationships. It  displays  a  set  of  groupings 
at  a  pre-set  level  of  resolution  but  gives 
little  infonnation  on  the  relative  indepen- 
dence of  clusters.  Taking  non-standardized 
variables,  for  example,  we  find  that  size 
exerts  a  controlling  influence.  A  most 
important  facet  of  the  search  for  expla- 
nation involves  a  vertical  question  not 
answered  in  a  single  analysis:  What  is  the 
hierarchy  of  size  dependence?  What  groups 
of  non-standardized  variables  are  most 
strongly  size-independent  and  why?  "Most 
structures  tend  to  contribute  to  total  bod\' 
size  by  increasing  in  dimensions  during 
ontogeny.  It  is  of  interest  to  determine 
whether  this  influence  is  dominant,  oxer- 
shadowing  the  effects  of  function  and  other 


possible  factors"  (Olson  and  Miller,  1958:86). 
The  authors  of  this  passage  have  used  their 
techniques  of  "morphological  integration" 
to  approach  such  questions.  By  successiveK' 
lowering  the  level  of  correlation  defining 
basic  groups,  clusters  which  were  discrete 
at  higher  levels  merge  in  gradual  sequence. 
In  the  frog  Rami  pipiens,  for  example,  fore- 
limb  and  hindlimb  complexes  are  separate 
at  the  highest  level  used;  at  lower  levels 
these  unite  to  form  a  single  association  of 
locomotory  measures.  The  vertical  dimen- 
sion is  obtained  in  a  different  and  only 
roughly  analogous  \\ay  in  this  study — by 
a  successive  reduction  of  reference  axes. 
The  sequential  elimination  of  axes  account- 
ing for  the  least  amount  of  information 
causes  groups  to  merge  in  patterns  that 
reflect  the  relative  importance  of  various 
determinants  of  shell  form.  Successive 
reductions  to  one  factor  were  performed 
on  the  Government  Quarry  sample  with 
the  following  results: 

7  axes:   Axis  8  of  the  previous  analysis 
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is  dispersed.  CALLUS  and  ALDIVW  join 
the  "relatively  \\'ide  shell"  variables  of  axis 
3.  A  relative])-  wide  shell  tends  to  have  a 
relative!)  w  ide  aperture  and  a  weak  callus. 
ONSEUP  now  groups  (negatively)  with 
the  "wide  at  later  whorls"  axis  4,  but  its 
projection  on  the  "color"  axis  7  is  only 
slightl)-  weaker.  RELUMS  has  moved  to 
the  size  cluster  (axis  1),  HEIGH4  now 
correlates  most  strongly  with  heights  of 
earlier  whorls  (axis  2);  HEIGH5  sorts  with 
W  IDTH5.  W  IDTn2  and  WIDTHS  move 
to  axis  4,  leaving  W'IDTfll  to  sort  with  the 
protoconch  width.  Pl^DEGR  now  groups 
with  PR\MDT.  Tw  o  of  the  color  measures 
(COLOR4  and  COLORS)  are  incorporated 
into  the  protoconch  width  group.  The 
seven  clusters  are  interpretable  and.  judg- 
ing from  the  minimal  amount  of  subsequent 
shifting,  quite  stable.  As  values  of  the 
\ariables  increase,  the  seven  clusters  pro- 
duce: 

1.  a  large  shell 

2.  high  early  heights  and  low  doming 
intensit)' 

3.  a  relatively  wide  shell 

4.  wide     (and    large)     shell    at    later 
whorls 

5.  a  large  protoconch  and  strong  color- 
ation 

6.  a  large  outer  apertural  lip 

7.  a  strongly  colored  shell 

6  axes:  The  color  group  is  eliminated 
and  its  members  allocated  to  the  third 
axis.  In  addition.  C0L01\5  shifts  to  the 
third  axis,  leaving  COLOR4  w  ith  the  proto- 
conch width  group.  The  signs  of  vector 
projections  on  axis  3  are  reversed.  The 
same  variables  are  involved,  but  increase 
in  their  values  now  produces  a  relatively 
high  shell.  More  generall)-,  the  third  axis 
variables  are  a  group  determining  the  form 
ratio  of  the  shell.  They  are  related  more 
strongly  to  shape  at  a  given  size  than  to 
size  itself.  (Since  shape  is  a  function  of 
size,  this  distinction  may  seem  unwar- 
ranted, but  most  of  these  variables  are 
standardized  and  unrelated  to  size.) 
1.  a  large  shell 


2.  high  early  heights  and  low  doming 
intensity 

3.  a     relati\-el\      high     and     stroniiK" 
colored  shell 

4.  wide     (and    large)     shell    at    later 
whorls 

5.  a  large  protoconcli  and  strong  color- 
ation 

6.  a  large  outer  apertural  lip 

5  axes:  The  last  discrete  group  of 
non-standardized  variables  is  incorporated 
in  the  first  (size)  axis.  CALLUS  and 
UMBILC,  which  show  no  correlation  with 
size  in  this  sample,  are  now  the  only  non- 
standardized  raw  varial)les  not  grouped 
with  the  first  axis.  In  addition,  two  non- 
standardized  ratios  ( the  .shell  and  apertural 
form  ratios  WIDRTI  and  ALDR^W)  sort 
with  the  "shape"  axis  3. 

4  axes:  The  two  width  clusters  (whose 
references  were,  respectixel)',  protoconch 
width  and  w  iddi  at  the  fifth  whorl)  are 
combined  into  one  set.  COLOR4  joins  the 
third  axis  cluster  and  all  color  measures  are 
now  aligned  in  this  group.  Four  a.xes  ac- 
count for  75.3  per  cent  of  the  total  infor- 
mation. 

3  axes:  The  standardized  widths  are 
absorbed  into  the  first  axis  assemblage. 
HEIGH4  and  HEIGII5  now  sort  with  the 
"relatively  high  shell"  axis  3. 

2  axes:  All  measures  of  standardized 
and  relative  height  are  conjoined  in  a 
second  axis  cluster.  Non-standardized  size 
measures  and  standardized  widths  sort 
with  the  first  axis.  Two  axes  account  for 
59.1  per  cent  of  the  total  information. 

1  axis:  COVAP  cannot  rotate  a  single 
axis  (rotation  would  serve  little  purpose 
in  any  case ) .  This  axis  is  the  first  principal 
component,  which  is,  in  this  case,  a  general 
size  factor  accounting  for  42.0  per  cent  of 
the  total  information.  If  each  variable  is 
ranked  according  to  the  percentage  of  its 
information  accounted  for  by  this  axis,  a 
chart  of  relative  size  dependency  results. 
Two  such  charts  are  presented  in  Table  4, 
one  for  Government  Quarr)-.  the  other 
for  29  specimens  of  P.  hennudemis  fasolti 
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Table     4.      Percentage     of     ixformatiox     ac- 
counted     FOR      BY      FIRST      PRINCIPAL      COMPONENT 

(general    size    factor).     Non-standardized   raw 
^"ariables  indicated   (  *  ) ,  non-standardized  ratios 

as  (#). 

A)  Govermnent  Quarry  Sample 


*HPLUSW 
*THEIGH 
*APHIGH 
*HALFAP 
*OUTCAR 
*T\VIDTH 
*APWIDT 
*INNLIP 
*UPPOFF 
HEIGH5 
#TOTECC 
*LOWOFF 
TSIZE5 
#RELUMS 
*WHORLS 
#LOWECC 
WIDTH2 
WIDTH  1 
HEIGH4 
WIDTHS 
#WIDIVH 
WIDTH4 
#UPPECC 


0.905 
0.899 
0.889 
0.877 
0.853 
0.838 
0.829 
0.739 
0.694 
0.683 
0.670 
0.656 
0.610 
0.581 
0.580 
0.534 
0.491 
0.431 
0.431 
0.372 
0.369 
0.366 
0.353 


#RELSPI 
*CALLUS 
#LI/CAR 
RATI05 
PRWIDT 
LOWCOL 
DANGLE 
PRDEGR 
WIDTHS 
ONSEUP 
COLOR5 
HEIGH3 
COLOR4 
PSANGL 
ONSELO 
HEIGH2 
RVALUE 
INGRIN 
*UMBILC 
#ALDIVW 
HEIGHl 
PRHIGH 


B )   Tom  Moore's  Cave  Sample, 
P.  l)ernnidensis  fasolti 


0.350 
0.334 
0.332 
0.312 
0.311 
0.293 
0.292 
0.286 
0.281 
0.222 
0.220 
0.1.54 
0.099 
0.085 
0.081 
0.064 
0.025 
0.023 
0.008 
0.001 
0.000 
0.000 


*HPLUSW 

0.973 

WIDTH3 

0.167 

*TWIDTH 

0.970 

WIDTH4 

0.141 

*APLONG 

0.963 

WIDTH2 

0.115 

*THEIGH 

0.954 

PRDEGR 

0.082 

*INNLIP 

0.934 

TSIZE4 

0.080 

*APHIGH 

0.897 

*UMBILC 

0.045 

#RELUMS 

0.869 

PRHIGH 

0.022 

*WHORLS 

0.813 

KVALUE 

0.011 

*OUTCAR 

0.806 

INGRIN 

0.011 

#WIDIVH 

0.804 

HEIGH3 

0.010 

#LOWECC 

0.470 

HEIGH4 

0.008 

#RELSPI 

0.450 

RATI04 

0.007 

#UPPECG 

0.318 

HEIGH2 

0.005 

PRWIDT 

0.262 

#ALDIVW 

0.004 

WIDTHl 

0.244 

HEIGHl 

0.003 

from    local 

ity    53. 

The    large    size 

range 

Table  5.     Correlation  matrices  of  standard- 
ized   WIDTHS    and    heights 

A)   Government  Quarry  Sample, 
P.  bermudensis  zonatns 


HEIGHl 

heigh2 

HEIGH3 

HEIGH4 

heighS 

WIDTHl 

-0.040 

0.107 

0.160 

0.441 

0.529 

WIDTH2 

-0.212 

-0.070 

0.027 

0.378 

0.591 

WIDTH3 

-0.290 

-0.193 

-0.091 

0.279 

0.550 

WIDTH4 

-0.353 

-0.270 

-0.171 

0.177 

0.523 

WIDTHS 

-0.318 

-0.268 

-0.171 

0.135 

0.474 

B )   South  Shore  Local  Population, 
P.  cupula  cupula 

HEIGHl     heigh2    heigh.3     heigh4     heighS 


WIDTHl 

0.211 

0.368 

0.505 

0.540 

0.,550 

WIDTH2 

0.134 

0.296 

0.435 

0.519 

0.598 

WIDTHS 

0.099 

0.257 

0.378 

0.519 

0.652 

WIDTH4 

0.073 

0.200 

0.296 

0.394 

0.578 

WIDTHS 

0.071 

0.183 

0.214 

0.248 

0.334 

(16.5-37.7  mm  HPLUSW)  of  this  latter 
sample  is  especially  conducive  to  the 
assessment  of  size  dependency. 


From  the  successive  reduction  of  factor 
axes,  I  conclude: 

a)  The  strong  relative  independence  of 
a  group  of  non-standardized  variables 
related  to  the  upper  part  of  the  outer 
apertural  lip  is  confirmed.  These  are  not 
incorporated  into  the  size  grouping  until 
axes  are  reduced  to  5.  Of  the  non-standard- 
ized variables  and  their  derivatives,  only 
UMBILC  and  ALDIVW  are  virtually  size- 
independent  ( the  first  principal  component 
accounts  for  less  than  0.05  per  cent  of 
their  information  in  both  samples  of  Table 
4).  In  the  case  of  ALDIVW,  this  lack  of 
correlation  with  size  is  an  artifact  of  the 
use  of  mixed  cross-sectional  data  to  ap- 
proximate ontogeny. 

b)  Of  all  standardized  variables,  early 
heights  are  most  consistently  independent 
of  size;  protoconch  and  whorl  widths  dis- 
play a  small  size  contingency.  This  situation 
is  clarified  in  Table  5,  which  presents 
matrices  of  correlation  coefficients  among 
standardized  widths  and  heights  for  the 
Government  Quarry  sample  and  for  a  col- 
lection of  35  specimens  of  P.  cupula  cupula 
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from  l()calit\-  41.'  The  widths  of  early 
whorls  correlate  strongh*  and  positivel\- 
with  heights  of  later  whorls  ( r  of  \Mi:)TlIl 
through  WIDTIR  with  IIEIGH5  is  signifi- 
cant at  the  1  per  cent  level  in  all  cases). 
Earl\-  whorl  heights,  on  the  other  hand, 
show  no  correlation  (usually  insignificantly 
negative)  with  later  ^^idths.  (The  cor- 
relation of  \\  idths  with  widths  and  heights 
with  heights  is  not  shown,  but  is  always 
positive.)  Thus,  a  shell  which  is  wide  at 
an  earl\'  whorl  tends  to  be  lariic  at  a  later 
whorl,  while  a  shell  which  is  /j/g/i  at  an 
early  whorl  tends  to  be  relatively  Jii^h  hut 
not  necessariUj  lar^e  at  a  later  whorl.  If 
each  shell  has  an  equal  chance  of  reaching 
the  same  final  whorl  number,  then  a  shell 
which  is  large  at  the  end  of  the  first  whorl 
is  likely  to  be  absolutely  large  at  its 
terminal  size.  Thus,  earh  widths  will  bear 
some  relationship  to  absolute  size,  while 
early  heights  will  not. 

c)  When  the  discrete  color  cluster  is 
dispersed  by  elimination  of  its  axis,  the 
color  measures  group  either  with  variables 
related  to  a  relatively  high  shell  or  to  wide 
early  w  idths.  The  previous  discussion  pro- 
vides an  interpretation  for  this  tendency. 
Wide  earh'  widths  imply  a  relatively  high 
shell  at  large  sizes;  such  a  shell,  it  would 
appear,  also  tends  to  be  strongly  colored. 
\\\\.\\  rare  exceptions  (visual  predation  of 
Cepaea  by  thrushes),  the  adaptive  signifi- 
cance of  molluscan  color  patterns  is  un- 
known. The  discovery  of  morphological 
features  to  which  these  patterns  relate 
opens  the  possibility  of  interpreting  evo- 
lutionary changes  in  coloration  as  pleio- 
tropic  responses  allied  to  morphological 
modifications. 

D)   Consistency  of  Results  in  Ofher  Samples 

In  order  to  determine  the  generality  of 
conclusions  based  upon  the  Government 
Quarry  sample,  anahses  were  performed 
on  10  additional  collections  of  P.  hermu- 
densis  and  F.  cupula  (8  reference  axes  in 

■"^  The  patterns  are  representati\e  of  10  otiier 
such  matrices  and  seem  to  be  completely  general. 


each  case).  Since  size  exerts  a  controlling 
influence  upon  most  non-standardized  vari- 
ables, samples  differing  in  size  range  were 
selected.  As  the  size  range  decreases,  the 
percentage  of  variation  attributable  to  size 
in  non-standardized  measures  diminishes 
and  relationships  previously  swamped  by 
the  primary  factor  of  size  become  ap- 
parent.- Results  of  the  10  analyses  are 
presented  as  a  table  (Table  6)  giving  the 
following  information  for  each  sample: 
number  of  specimens,  number  of  variables, 
percentage  of  total  information  accounted 
for  by  8  axes,  range  of  specimen  size 
(largest  -  smallest/ largest),  percentage  of 
variables  grouping  with  the  "size"  reference 
axis,  and  the  interpretation  of  each  refer- 
ence axis  cluster.  These  interpretations 
follow: 

1.  Associations  attributable  to  size  dif- 
ferences among  specimens:  S  if  one  single 
cluster,  WS  and  HS  if  widths  of  non-stan- 
dardized xariables  sort  separately  from 
heights. 

2.  Assemblages  of  non-standardized  ap- 
ertural  variables;  UAP  for  measures  of  the 
upper  part  of  the  outer  apertural  lip 
(OUTCAR,  UPPOFF,  UPPECC).  LAP  for 
measures  of  the  subperipheral  portion  of 
the  outer  lip  (LOWOFF,  LOWECC). 

3.  Other  aggregates,  including  non-stand- 
ardized  variables : 

a)  FR  (form  ratio),  a  heteroge- 
neous group  of  variables  related  to  the 
width/height  ratio  of  the  shell  at  the  fifth 
whorl.  FR  may  include  the  following: 
raw  non-standardized  (UMBILC,  since  a 
relatively  wide  shell  has  an  absolutely 
wide  umbilicus),  derived  non-standardized 
(WIDIVH,  ALDIVW,  and  RELSPI,  the 
last  because  a  relatively  wide  shell  has  a 
relatively  low  spire),  raw  standardized 
(PSANGL),  and  derived  standardized 
(RATIOS). 

b)  U,  the  umbilicus,  which  usually 
groups  in  FR,  may  sort  independently. 

-  The  factoring  of  partial  correlation  matrices 
(with  the  effects  of  size  removed)  would  probably 
be  a  better  apijroach  to  diis  problem. 
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T.AJ3LE  6.  Interpretation  of  factor  axis  groupings  for  11  samples  of  P.  (Poecilozonites) .  In- 
terpretation of  columns  as  follows:  1,  subspecies  name  and  locality  number  of  sample;  2,  N  the  num- 
ber of  specimens  in  the  sample;  3,  V  the  nmnber  of  measured  \ariables;  4,  %  the  percentage  of  total 
information  accounted  for  by  8  factors;  5,  R  the  range  of  specimen  size  within  the  sample  ( largest - 
smallest/largest);  6,  S  the  percentage  of  variables  grouping  with  the  general  size  factor;  7-23,  column 
headings  are  the  interpretation  of  the  reference  axis  (explained  in  text  pp.  441-443),  the  recorded 
figure  is  the  number  of  the  reference  axis  whose  accompanying  cluster  of  variables  bears  the  interpreta- 
tion of  the  column  heading. 
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P.  b.  zouatiis  (PI) 

11 

35 

98.8 

0.30 

26 

1 

6 

2 

3 

8 

4 

2 

5 

7 (ONSEUP) 
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4.  Standardized  widths  and  heights:  4 
axes  if  early  widths  and  heights  sort  sepa- 
rately from  later  widths  and  heights:  EH, 
PRW  (since  protoconch  width  is  the  domi- 
nant influence),  EW  and  LW.  2  axes  if 
all  widths  and  all  heights  sort  together: 
W  and  H. 

5.  Standardized  color  variables:    C. 

6.  Others: 

a )  In  two  cases,  the  measures  of  dom- 
ing, which  usually  are  grouped  with  early 
heights,  sort  with  their  own  axis:   D. 

b)  I  ("independent"),  single  refer- 
ence axis  variables  sorting  independently 
of  all  others.  (The  "independence"  is,  of 
course,  only  relative  since  reference  axes 
are  not  mutually  orthogonal  in  the  oblique 
solution.) 

c)  ?,  Small  groups  of  unclear  signifi- 
cance. These  are  confined  to  the  last  three 
axes  and  would  be  dispersed  early  during 
a  series  of  successive  reductions. 

The  information  of  Table  7  supptnts 
conclusions  derived  from  the  Government 
Quarry  sample  in  the  following  ways: 

1.  Absolute  size  is  the  dominant  factor 
in    interrelationships    of    non-standardized 


variables:  As  the  range  of  size  within  a 
sample  decreases,  the  effect  of  size  upon 
variable  interrelationships  declines  in  the 
following  ways: 

a)  A  smaller  percentage  of  variables 
sorts  with  the  "size"  axis.  In  P.  cupula  cupula 
from  locality  41,  for  example,  WHORLS 
( always  an  important  member  of  the  "size" 
cluster  when  the  range  of  size  is  large) 
associates  negatively  with  later  widths.  A 
shell  which  is  large  at  late  whorls  will  tend 
to  have  fewer  whorls  at  its  final  size. 

b)  The  "size"  cluster,  which  always 
associates  with  the  first  axis  when  the 
range  of  size  within  a  sample  is  large, 
groups  with  progressively  lower  axes  as 
the   size   range   decreases. 

c)  When  the  size  range  within  a 
sample  is  small,  the  widths  and  heights  of 
size-dependent  measures  sort  separately. 
This  recalls  the  Rana  pipicns  example  cited 
earlier.  Forelimb  and  hindlimb  clusters 
are  lumped  together  when  the  level  of 
correlation  used  to  form  groups  is  too  low 
to  permit  a  distinction.  Likewise,  a  wide 
size  range  swamps  more  subtle  relation- 
ships within  the  group  of  measures  that  it 
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controls.  At  small  size  ranges,  the  dominant 
effect  of  size  is  diminished  and  the  sepa- 
ration of  \\'idths  from  heights  is  made,  just 
as  forelimb  and  hindlimb  clusters  of  Rana 
pipicns  are  disassociated  at  high  levels  of 
correlation. 

2.  Certain  non-standardized  \ariablcs 
show  a  high  degree  of  independence  from 
the  set  of  size  controlled  measures: 

a)  Measures  of  the  upper  part  of  the 
outer  apertural  lip:  In  8-axis  solutions  these 
form  a  distinct  cluster  in  all  but  one  of 
the  analyses.  Onh'  in  the  P.  hcrmudensis 
zonatus  from  localit\'  41  do  these  measures 
sort  with  the  "size"  axis. 

b)  Ratios  related  to  the  form  ratio 
of  the  shell  (WIDIVH,  ALDIVW  and 
RELSPI ) :  These  tend  to  group  with  the 
"size"  axis  when  the  range  of  size  within  a 
sample  is  large,  and  with  the  "form  ratio" 
axis  when  it  is  small. 

c)  UMBILC:  Virtually  size-indepen- 
dent (in  the  absolute  sense),  umbilical 
\\'idth  constitutes  its  own  axis  or  sorts  with 
the  form  ratio  assemblage  as  a  mechanical 
correlate  of  relative  shell  width. 

d)  CALLUS:  Absent  in  P.  cupula,  its 
associations  are  very  erratic  in  P.  hcrmu- 
densis zonatus,  though  it  never  associates 
w  ith  the  "size"  axis.  In  four  of  six  cases, 
it  occurs  in  a  group  of  uncertain  signifi- 
cance; it  is  negatively  related  to  standard- 
ized widths  in  two  other  instances. 

3.  Standardized  widths  and  heights  tend 
to  sort  in  four  groups: 

a)  Early  heights  and  measures  of 
doming  intensity  group  together.  KVALUE 
and  INFORM  sort  with  early  heights  in 
four  of  ten  cases. 

b)  Protoconch  width  controls  the  width 
of  early  whorls.  Its  influence  is  not  over- 
come until  the  shell  has  grown  to  a  size  at 
\\hich  the  contribution  made  to  the  total 
widtli  by  the  protoconch  becomes  negli- 
gible. In  these  analyses,  WIDTHl  is 
invariably  associated  with  the  protoconch. 
In  only  two  of  eleven  cases  has  \\IDTn2 
overcome  the  protoconch  influence  to  sort 
\\ith    later    widths;    \\TDTH3    sorts    with 


later  widths  in  five  cases.  WIDTH4  is 
associated  with  protoconch  width  in  only 
one  case,  WIDTHS  never. 

c)  Late  heights  and  widths  sort  dis- 
cretely or  with  measures  of  the  form  ratio 
assemblage. 

4.  In  an  8-axis  solution,  color  variables 
tend  to  constitute  a  discix^te  group.  Of  all 
morphological  features,  they  show  their 
strongest  relationship  with  the  wide  f)roto- 
conch  and  relatively  high  shell  groups. 
This  conclusion  is  confirmed  in  a  rough 
way  by  these  additional  data.  In  six  cases, 
a  color  measure  ( or  measures )  is  joined 
with  variables  of  these  groups.  This  re- 
lationship cannot  be  completely  general, 
however,  for  in  another  case  (P.  cupula 
cupula  from  locality  41)  color  measures 
project  negatiucly  on  the  protoconch  width 
axis. 

In  addition,  these  data  provide  new  in- 
formation : 

1.  Measures  related  to  the  subperiphcral 
part  of  the  outer  apertural  lip  also  tend  to 
sort  independently  of  size  in  an  8-axis 
solution,  though  their  independence  is 
neither  as  frequent  nor  as  strong  as  that 
of  corresponding  measures  of  the  upper 
part  of  the  outer  apertural  lip. 

2.  A  test  of  redundancy  is  provided  by 
the  observation  of  invariant  similar  sorting 
of  a  pair  or  group  of  variables.  RELUMS 
is  a  function  either  of  its  numerator  or  de- 
nominator. WIDTHl  is  invariably  related 
to  the  protoconch  width.  PSANGL  and 
RATIOS  measure  the  height/width  ratio  at 
the  end  of  the  fifth  whorl;  only  the  latter 
need  be  used.  UPPECC  and  LOWECC  are 
functions  of  their  numerators;  the  raw 
measures  UPPOFF  and  LOWOFF  may  be 
considered  alone.  HALFAP  is  never  in- 
dependent of  the  height  of  the  aperture. 
Sokal  (1962)  has  cited  the  recognition  and 
elimination  of  redundancy  as  a  major  aim 
of  factor  analysis:  "Thus  the  investigator 
may  avoid  the  redundancy  of  using  char- 
acters which  onl\'  duplicate  information 
already  obtained  and  hopefully  approach 
closer  to  the  ideal  of  the  study  of  variation 


444  Bulletin   Mmciim   of  Comparative  ZooJofnj,   Vol.   J3S,   No.   7 


of  genetic  factors  rather  than  of  morpho- 
logical characters"    (1962:   228). 

VI.    THE   EVOLUTION  OF 

POECILOZONITES   CUPULA 

A)   The  Nomenclafure  of  Diversity 

1.  The  reeognition  of  P.  cupula.  P.  nel- 
soni  and  P.  hcrmudcnsis  have  long  been 
recogni/ed  as  major  assemblages  of  wide 
temporal  and  geographic  extent.  Hereto- 
fore three  minor  "species"  known  from  one 
or  a  very  few  localities  have  been  included 
in  the  subgenus:  P.  cupula  Gulick  1904, 
P.  dalli  Gulick  1904,  and  P.  cupuloides 
Peile  1924.  Collections  made  from  every 
known  snail-bearing  locality  in  Bennuda 
furnished  additional  .specimens  of  all  three 
and  several  new  samples  that  would  merit 
specific  distinction  under  criteria  pre- 
viously employed.  Yet  the  minor  types, 
the  new  samples,  and  several  collections 
previous!)  classified  as  small  P.  hermuden- 
sis  (in  Sayles,  1931)  share  features  of 
color,  form,  and  distribution  sufficient  in 
extent  to  merit  their  union  into  a  single 
polytypic  species,  P.  cu))uhi.  The  diversit\ 
of  basic  form  among  subspecies  of  P. 
cupula  is  great,  ranging  from  18.4  to  25.5 
mm  in  size  at  the  fifth  whorl  and  from  0.68 
to  1.61  in  width/height  at  the  fifth  \\'horl, 
but  convergences  that  continually  arise  in 
gross  measures  of  size  and  shape  make 
these  features  unsuitable  b\'  themselves  as 
criteria  for  specific  discrimination. 

Pulmonate  systcmatists  have  relied  hea\"- 
ily  upon  variation  in  color  banding,  at  first 
with  "intuitive"  feeling  for  a  "good"  char- 
acter, later  with  the  confirmation  that 
banding  patterns  are  often  controlled  by  a 
simple  genetic  mechanism — a  series  of 
multiple  alleles  or  closel\-  linked  genes 
(Ford,  1964).  The  basic  measures  of  size 
and  form  ratio  cannot  always  distinguish 
P.  cupula  from  P.  hermudcnsis,  for  whereas 
the  latter  tends  to  be  larger  and  relatively 
wider  at  the  fifth  whorl,  there  is  overlap 
between    its    smallest    members    and    the 


largest  P.  cupula.  Color  patterns,  however, 
permit  a  complete  separation:  P.  cupula 
displays  distinctive  band  patterns  not  seen 
in  P.  hermudcnsis,  never  develops  a  sup- 
plementary color  wash  below  band  3, 
possesses  sharp  band  margins,  and  never 
exhibits  the  "faded"  variation  (see  Chapter 
8,  section  A).  No  single  feature  of  size  or 
shape  can  make  such  a  distinction:  The 
parietal  callus  (absent  in  P.  cupula)  comes 
closest;  it  is  invariably  present  in  P.  her- 
mudcnsis zonatus  but  is  lacking  in  its 
derived  subspecies.  When  all  measures  of 
size  and  shape  are  considered  simul- 
taneously b\  multivariate  methods,  virtu- 
ally complete  discrimination  is  provided. 

2.  Infraspecific  variation.  One  of  the 
most  lively  issues  in  pulmonate  studies 
concerns  the  taxonomic  recognition  ac- 
corded to  complex  patterns  of  geographic 
variation  within  species.  Of  Cerion  in  the 
Bahamas,  Mayr  and  Rosen  write:  "Every 
colony  appears  somewhat  different  from 
e\'ery  other  one"  ( 1956:  2).  The  problem  is 
especially  acute  in  Achatinella  (Welch,  1938, 
1942,  1958)  and  Partida  (Crampton,  1916, 
1925,  1932);  each  \alley  is  known  to  harbor 
its  distinctive  population  of  snails.  Such  ex- 
uberant \ariation  within  species  led  Cramp- 
ton  to  establish  a  hierarch)'  of  infraspecific 
categories  to  encompass  the  dixersity.  This 
"scale  of  subspecific  divisions  of  various 
grades,  doxMi  to  the  groups  of  indi\idual 
variants  which  are  essentially  identical," 
(Crampton,  1932:  185)  included,  in  des- 
cending order,  the  \ariety,  socius,  cohort, 
and  gens,  the  last  defined  as  "individuals 
which  are  exactly  alike  in  at  least  one  dis- 
tinguishable character"  (1932:  186).  Welch 
erected  large  numbers  of  subspecies,  re- 
lying on  a  largeh'  arbitrar\'  criterion:  "If 
area  A  contains  shells  which  are  distinct 
from  area  B  so  that  the  color  patterns  of 
the  shells  can  readily  be  separated  90  per 
cent  to  100  per  cent,  the  demes  are  con- 
sidered to  be  distinct  subspecies  and  given 
a  latin  name  .  .  .  All  demes  in  which  the 
phenotypes  of  shells  are  less  than  90  per 
cent    distinct    are    called    microgeographic 
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races"  (Welch,  195S:  130).  Such  criteria 
led  to  the  distinction  of  78  subspecies  and 
60  additional  unnamed  races  of  Achat inella 
apcxfuha   (Welch,   1942). 

And  yet  to  speak  of  this  infraspecific 
dixersity  as  a  "problem"  seems  absurd,  for 
it  is  precisely  such  morphological  variet\- 
and  its  geographic  distribution  that  has 
prox'ided  the  major  source  of  information 
for  an  understanding  of  e\'olution  at  the 
species  level.  It  becomes  a  prolilem  and 
not  a  source  of  delight  onh-  when  the  allo- 
cation of  names  in  the  quest  for  an  order- 
ing of  natural  di\ersit\-  is  deemed  more 
important  than  the  search  for  an  under- 
standing of  the  causes  of  that  diversity. 
And  the  former  preference  seems  anachro- 
nistic not  onK'  in  groups  for  which  the  so- 
called  "alpha  taxonomy"  is  accomplished, 
but  also  perhaps  for  all  infraspecific  vari- 
ation. 

Other  authors  have  avoided  formal 
recognition  of  infraspecific  units  altogether, 
hoping  thereby  to  render  the  evolutionary 
information  more  readily  accessible.  Kin- 
caid,  commenting  on  the  work  of  Welch, 
writes  (1964:  6):  "It  seems  unfortunate 
that  the  literature  should  be  burdened  with 
such  extensive  taxonomic  tenninologv  to 
describe  what  is  essentially  an  interesting 
biological  phenomenon  illustrating  one 
phase  of  organic  evolution.  It  indicates 
clearly,  houever,  the  difficulty  under  which 
taxonomic  science  suffers  in  dealing  with 
a  problem  of  this  type."  Kincaid  used  the 
informal  term  "morph"  to  delimit  53  denies 
of  the  polytypic  prosobranch  species  Thais 
lameUosa.  Likewise,  Johnston  and  Selander 
(1964)  have  refrained  from  erecting  tri- 
nomials for  North  American  house  sparrow 
populations:  "Current  taxonomic  practice 
gives  fonnal  nomenclatural  recognition,  at 
the  subspecific  level,  to  morphologically 
definable  geographic  segments  of  species 
populations.  .  .  .  Although  application  of 
subspecific  trinomials  to  certain  New 
World  populations  of  sparrows  would  be 
fully  warranted,  we  are  not  convinced  that 
nomenclatural    stasis    is    desirable    for    a 


patenth    d\namic   svstem"    (Johnston    and 
Selander,   1964:  550). 

The    primary    sin    of    most    infraspecific 
(and  much  specific)  nomenclature  in  pal- 
eontology has   been   the   naming   of   mere 
shapes     without     sufficicnit     concern     for 
whether  the  distribution  of  such  shapes  is 
consistent   with    their   existence   as    a   bio- 
logical population.    Thus,  the  finding  that 
a  pulmonate  subspecies  aU)a  is  invariably 
associated   with    colored    shells    of   similar 
form  should  suggest  poKmorphism  within 
a    single    population    and    render    a    sub- 
specific  categorization  inappropriate.  Each 
discernible  infraspecific  unit  in  P.  cupula, 
however,  has  a  geographic  range  in  which 
it  alone  resides  and  a  non-disjunct  distri- 
bution   in    time — i.e.,    each    distinct    mor- 
phological  entit\-   seems    to    represent   "an 
aggregate  of  local  populations  of  a  species, 
inhabiting    a    geographic    subdivision    of 
the    range    of    the    species,    and    differing 
taxonomically    from    other   populations    of 
the    species"    (Mayr,     1963:     348).     After 
presenting    this    definition    of    subspecies, 
Mayr    cautions     against    dignifying     each 
slightly   different  local  population  with   a 
trinomial.     The   diversity   in    P.    cupula   is 
so  great  that  every  sample  displays  some 
characteristic  feature  of  size,  shape,  or  color. 
To  supph'  each  of  these  with  a  name  would 
be  to  construct  a  static  morass  of  formalized 
verbiage  unapproachable  to  all  but  the  most 
specialized  readers;   and  it  is,   I  fear,  the 
wholesale  erection  of  such  imposing  subspe- 
cific arra\'s  that  has  rendered  some  of  the 
finest  evolutionary  works  on  pulmonate  di- 
xersity  virtually  unreadable.    To  formalize 
no  infraspecific  terminolog\'  \\ould,  on  the 
other  hand,  be  insufficiently  expressive  of 
the  \ast  amount  of  morphological  diversity 
that  often  prexails  within  a  pulmonate  spe- 
cies.   Fortunately,  a  via  media  is  available 
for    P.    cupula — the    distinctive    individual 
samples   group   into  well-defined   morpho- 
logical aggregates,  each  of  which,  as  men- 
tioned abo\"e,  occupies  a  range  of  space  and 
time  consistent  with  that  required  of  the 
neontological  subspecies.    Of  the  five  sub- 
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species  of  P.  cupula  named  in  this  work/ 
three  are  the  degraded  species  of  previous 
authors  and  two  are  new.  Only  one  (P. 
cupula  dalli)  is  known  from  a  single  locality. 
Sylvester-Bradley  (1956:  67)  has  written  in 
his  contribution  to  a  s\'mposium  on  paleon- 
tological  species:  "At  one  time  paleontologi- 
cal  research  tended  ever  to  promote  \arietal 
names  to  specific  level,  thereby  increasing 
the  burden  of  nomenclature.  Now  it  is  the 
reduction  of  a  specific  name  to  variety  or 
subspecies  that  is  a  sign  of  increasing  knowl- 
edge." And  Thomas  ( 1956:  27),  in  the  same 
symposium,  writes:  "The  existence  of  geo- 
graphical subspecies  in  neontology  behoves 
their  recognition  in  fossils." 

B)   The  Description  of  Diversity 

1.  Diversity  of  Color.  The  conservatism 
of  color  banding  in  P.  hermudensis-  stands 
in  marked  contrast  to  the  variety  of  patterns 
known  in  P.  cupula.  The  21  samples  of  P. 
cupula  may  be  allocated  to  two  complexes 
on  the  basis  of  a  primary  dichotomy  in 
banding  patterns.  The  basic  stock  {F.c. 
cupuloides.  P.  c.  triangularis,  P.  c.  dalli,  and 
P.c.  multispira)  here  teiTned  the  polvinorph 
complex,  is  characterized  by  the  following 
fourfold  polymorphism : 

a)  flames  present  in  the  position  of 
band  1  at  the  fifth  whorl,  no  other  color: 
FOO  (see  Chapter  4  on  band  numbering 
system ) 

^  Formal  taxonomic  descriptions  will  be  found 
in  Appendix  1. 

-Only  023  and  123  and  its  subtypes  are  found 
in  P.  hermuden.sifi.  A  subtype  is  defined  as  a 
memljer  of  a  .yroup  linked  by  intermediates  within 
the  popidation.  Fused  and  unfused  bands  and 
presence  or  absence  of  the  supplementary  color 
wash  are  subtypes  in  P.  hermudensis:  123,  1(23), 
(123),  1(23)S,  123S  and  12(3S)  (see  Plate  5, 
Figs.  3,  4 )  are  all  subtypes  of  a  type.  Although 
direct  confirmation  is  obviously  impossible,  it  is 
tempting  to  draw  the  implication  that  tA'pes  are 
genetically  distinct,  while  variation  witliin  sub- 
types of  a  type  (which  vary  only  in  intensity  of 
pigmentation  and  not  in  band  positions)  are  either 
phenotypic  expressions  of  a  similar  genetic  system 
or  under  the  control  of  genes  whose  primary  effect 
is  not  the  regulation  of  color  (e.g.,  factors  con- 
trolling the  general  growth  rate). 


b)  flames  present  in  the  position  of 
band  1  at  the  fifth  whorl,  band  2  absent, 
band  3  present:    1^03. 

c)  band  1  absent,  band  2  present 
(usually  as  a  line),  band  3  present;  three 
subtvpes  (see  footnote):  02"3,  023,  and 
0(23) 

d)  flames  present  in  the  position  of 
band  1  at  the  fifth  whorl,  bands  2  and  3 
present;  band  2  as  a  line:    1^2"3. 

The  second  stock,  coextensive  with  the 
subspecies  P.  cupula  cupula,  invariably 
exhibits  a  single  banding  subtype  in  which 
all  three  bands  are  present,  the  second  as 
a  line:  12"3.  The  band  pattern  of  P.  cupida 
cupula  is  most  plausibly  derived  by  stabili- 
zation of  polymorph  type  d  and  subsequent 
intensification  of  coloration  in  the  band-1 
position. 

Table  7  summarizes  information  on  color 
banding  for  all  samples  of  P.  cupula.  Tlie 
following  information  is  given:  locality,  age 
(refer  to  Table  1),  name  of  subspecies, 
color  types  present  in  each  sample,  and 
number  of  shells  of  each  type.  The  distri- 
bution of  color  types  within  the  polymorph 
complex  displays  some  notable  features: 

a)  The  earliest  (Walsingham)  sam- 
ples of  the  poKnnorph  complex  exhibit  the 
complete  range  of  shell  polymorphism;  no 
vounger  population  displays  more  than 
three  of  the  four  morphs. 

b)  The  four  moq^hs  are  ranked  in 
order  of  increasing  intensity  of  coloration: 
a  ( 1  flame,  no  bands ) ,  b  (1  flame,  1  band ) , 
c  ( 2  bands )  and  d  ( 1  flame,  2  bands ) . 
When  fewer  than  4  morphs  are  present  in 
the  sample,  their  distribution  is  always 
non-disjunct;  a  and  b,  b  and  c,  or  c  and  d 
may  occur  l)ut  ne\er  a  and  c,  a  and  d.  or 
b  and  d. 

2.  Diversity  of  form.  To  provide  a  pic- 
ture of  the  prolific  morphological  diversity 
of  P.  cupula,  the  following  account  presents 
the  defining  features  of  subspecies  and  lists 
the  recognizable  local  populations  of  each. 
The  basic  form  of  the  shell  can  be  encom- 
passed by  four  measures:   the  size  at  the 
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Tahle  7.     Geographic  and  temporal  distributiox  of  color  patterxs  ix  Pokcilozomtes  cupula. 
The  following  information  is  given  for  each  sample:    Loc,  the  locality  number;  trixial  name  of  the  sub- 
species; color  t>pes  present  in  sample;  and  X  tlic   number  of  specimens   displaying  each   type. 


Formation 


Polymorjih  Complex 


Loc 


arrington- 

84  j 

miiltispira 

Pembroke 

88 

4 

(JaUi 

85 
46 


triangularis 
triangularis 


Shore  Hills 

48 

cupuloides 

56 

cupuloides 

Belmont 

89 

cupuloides 

71 

cupuloides 

Walsingham 

9 

cupuloides 

P4     cupuloides 


Color 


N 


c)  02"3 

15 

d)    r2"3 

5 

b)   1'03 

8 

c)  02"3 

71 

0(23) 

8 

di  r2"3 

19 

c)   02"3 

3 

d)    1'2"3 

1 

c)   02"3 

4 

023 

5 

0(23) 

6 

d)   1'2"3 

1 

c)  02''3 

4 

023 

1 

0(23) 

8 

a)    roO 

4 

b)    1'03 

8 

c)   02"3 

2 

0(23) 

14 

c)  023 

1 

0(23) 

1 

a)    I'OO 

28 

b)  ro3 

3 

c~)   02"3 

10 

0(23) 

1 

d)    r2"3 

9 

a^  roo 

22 

b)  ro3 

6 

c)  02"3 

8 

d)   1'2"3 

8 

p.  cupula  cupula 


Loc 


Color 


.\ 


35 
37 
39 
41 
43 
76 
77 
63 


cupida  12"3 


157 


cupula  12"3 


11 


P2     cupula  12"3  12 

P3     cupida         12"3  16 


fifth  whorl  (S5);  the  form  ratio,  width/ 
hc-ight,  at  the  fifth  whorl  (FR5);  and  the 
measures  of  doming  intensity  ( see  Chapter 
3),  the  initial  form  index  (InFI)  and  the 
differential  growth  ratio  ( DGR )  .^ 

a)  P.  cupula  cupuloides  (Plate  1,  Fig. 
3),  Walsingham-Shore  Hills:  Intermediate 
in  all  measures  of  basic  form  among  sub- 
species of  the  polymorph  complex  and  geo- 
logically oldest,  this  subspecies  may  repre- 
sent the  parental  stock  of  all  later  P.  cuptda 


^  Cited  figures  in  this  discussion  are  mean 
sample  value  of  these  ^•ariables.  A  complete  ac- 
count of  morphological  differences  among  samples 
is  found  in  die  matrix  of  means,  Appendix  3. 


subspecies.  Several  local  populations  are 
distinguishable. 

i)  Quarry  Road  local  population:  Shells 
from  Peile's  type  locality  cannot  be  dis- 
tinguished from  those  of  the  adjacent 
Quarry  Road  samples.  Both  display  all 
four  color  morphs  and  almost  identical 
values  of  the  basic  form  measures  (12.1 
and  12.0  mm  S5,  1.16  and  1.16  FR5,  2.15 
and  2.19  DGR,  .282  and  .278  InFI). 

ii)  West  Coney  Island  local  popu- 
lation: The  lighter  morphs  (a  and  b)  have 
become  stabilized;  shells  are  smaller 
(So  =  11.2  mm)  and  relatively  wider 
(FR5  =  1.30)    dian    those    of   the    Quarry 
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Road  local  population.  Differences  among 
local  populations  are  significant  at  the  5 
per  cent  level  unless  otherwise  noted. 

iii)  Surf  Ba\-  local  population:  Morph 
c  alone  is  present  (but  only  2  specimens 
ha\e  discernible  color  markings).  The  set 
of  means  for  basic  form  measures  of  the  7 
specimens  is  distinct  but  not  significantly 
different,  perhaps  due  to  small  sample  size, 
from  that  of  other  samples. 

iv)  Bird's  Nest  local  population:  Low- 
est FR5  (1.07)  and  correspondingly  highest 
DGR  and  InFI  ( 2.22  and  0.296 )'  foi^  P.c. 
cupidoides  populations.  S5  (12.0  mm)  in- 
distinguishable from  Surf  Bay  and  Quarry 
Road  local  populations.  Morph  c  alone  is 
present. 

v)  Ferry  Road  local  population:  13 
specimens  with  discernible  color  markings 
are  all  of  morph  c.  The  poorly  preserved 
specimens  were  not  measured. 

b)  P.  cupula  trian'^ularis  (Plate  1,  Fig. 
5),  Harrington-Pembroke:  The  low  doming 
intensity  of  this  subspecies  (only  P.  cupula 
with  mean  sample  DGR  less  than  2.00) 
imparts  a  more  or  less  triangular  cross  sec- 
tion to  the  shell.  Since  the  initial  form 
index  is  also  low,  this  subspecies  is  the 
relatively  widest  of  all  P.  cupula.  Morphs 
c  and  d  are  present  in  both  its  local  popu- 
lations. 

i)   Pink  Beach  Road  local  population. 

ii)  Devil's  Hole  local  population:  The 
Devil's  Hole  population  is  larger  at  the 
fifth  whorl  (13.2  vs.  12.1  mmh  it  has  a 
lower  DGR  (1.85  vs.  1.94),  but  the  cor- 
respondingly higher  InFI  (.247  vs.  .220) 
produces  a  form  ratio  insignificantly  dif- 
ferent from  that  of  the  Pink  Beach  Road 
population   (1.55  vs.   1.61). 

c)  P.  cupula  (lain  (Plate  1,  Fig.  2), 
Harrington-Pembroke:  This  population  of 
P.  cupula  is  unique  among  all  samples  of 
P.  (Poecilozonites):  it  is  the  smallest 
(85  =  9.7  mm),  the  relatively  highest 
(FR5  =  0.68),  and  possesses  the  greatest 
mean  sample  values  of  DGR  and  InFI 
(2.94  and  0.418).  I  have  previously  noted 
(Gould,  1966a)  that  all  these  features  are 


interrelated.  Since  progressively  larger 
values  of  the  differential  growth  ratio 
impl\'  continually  more  rapid  increases  in 
the  height/\\idth  ratio  during  ontogeny, 
a  high  differential  growth  ratio  will  be 
size-limiting.  A  P.  cupula  dalli  of  just  twice 
maximum  \\'idth  \\ould  possess  a  shell  six 
times  higher  than  wide. 

i)   Albuoy's  Point  local  population. 

d)  P.  cupula  multispira  (Plate  1,  Fig. 
4),  Harrington-Pembroke:  At  the  fifth 
whorl,  P.  cupula  multispira  is  no  larger 
than  P.  cupula  dalli.  Yet  large  individuals 
of  this  subspecies  reach  sizes  unexcelled 
by  an\-  other  P.  cupula.  All  other  popu- 
lations of  P.  cupula  (and  of  P.  bennudensis, 
for  that  matter)  show  a  surprising  stability 
in  average  whorl  numbers  of  large  speci- 
mens (always  between  5  and  6^:j).  P.  cupula 
multispira  is  unique  in  exceeding  this  num- 
ber; the  largest  specimen  in  m\'  collection 
has  7'/s  whorls.  Since  the  largest  specimens 
reach  r(>lati\e  heights  e\'en  greater  than  that 
of  P.  cupula  dalli  at  the  fifth  whorl,  A.  Hay- 
cock (correspondence  with  E.  G.  Vanatta  in 
collection  of  the  Philadelphia  Academy  of 
Natural  Sciences )  allocated  these  specimens 
to  P.  cupula  dalli.  Though  they  overlap  in 
this  one  feature  of  form  ratio,  the  two  sub- 
species are  as  distinct  from  one  another 
as  an\'  two  taxa  of  P.  cupida,  and  the  mis- 
allocation  serves  to  indicate  the  pitfalls  of 
a  single-character  taxonomy. 

Tliere  is  an  element  of  mechanical  inevi- 
tabilit}'  in  the  mode  of  production  of  certain 
shapes  in  accretionar\'  structures.  We  know 
that  the  high  spire  of  large  P.  cupula  multi- 
spira cannot  be  attributed  to  a  high  differ- 
ential growth  ratio.  High  differential 
growth  ratios,  unless  accompanied  by  a 
low  initial  form  index  or  extreme!)'  large 
early  whorls  (see  discussion  on  doming 
factors  in  Chapter  3),  are  severely  size 
limiting  (Gould,  1966a).  Since  the  mean 
initial  form  index  of  P.  cupida  multispira 
is  average  for  polymorph  P.  cupula,  the 
high  dome  must  be  attributed  to  the  third 
doming  factor — extremely  small  proto- 
conch  and  earh    whorls.    P.  c.  midtispira's 
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mean  differential  growth  ratio  of  2.24  is 
average  for  P.  cupula,  h\\[  an\  differential 
growth  ratio  greater  than  1  implies  eon- 
tinual  increase  in  the  height/width  ratio. 
P.  c.  mtiltispiia  is  high  spired  because  an 
a\erage  differential  growth  ratio  began 
operating  at  an  unusualK-  small  size.  (The 
differential  growth  ratio  is  measured  from 
the  termination  of  whorl  2  to  the  end  of 
growth;  that  P.  c.  inultispiia  has  an  un- 
usually large  number  of  whorls  at  the  size 
of  an  a\erage  P.  cupula  adult  implies,  in- 
deed, that  the  protoconch  and  initial  whorls 
are  small.)  Thus,  P.  cu))ula  daUi  and  P. 
cupula  tnulfi.spira  illustrate  two  of  a  strictly 
limited  number  of  pathways  to  the  attain- 
ment of  a  high  spire,  and  the  maximum 
size  attained  by  each  subspecies  is  a  func- 
tion of  the  chosen  pathway. 

i)  St.  David's  Island  local  population: 
Three  localities  (84,  88,  and  91),  the  shells 
of  which  cannot  be  distinguished. 

e)  P.  cupula  cupula  (Plate  1,  Fig.  1), 
Shore  Hills-Pembroke:  The  nominate  sub- 
species of  P.  cupula  is  distinguished  from 
members  of  the  polymorph  complex  by  its 
unique  banding  pattern  (12"3)  and  fea- 
tures of  moiphology  discussed  below 
(larger  size  and  different  DGR  vs.  biFI 
relationship ) . 

i)  South  Shore  local  population:  Found 
at  five  localities  (35,  37,  39.  41,  43)  along 
a  relatively  continuous  outcrop  of  Harring- 
ton or  Pembroke  accretionary  zones  run- 
ning for  1700  m  along  the  South  Shore 
from  Spencer's  Point  to  Devonshire  Bay; 
also  present  at  two  localities  (76,  77)  on 
Knapton  Hill.  Next  to  largest  and  relatively 
widest  (a  function  of  lowest  DGR  and 
InFI)  of  the  local  populations  of  P.  cupula 
cupula,  large  specimens  bear  an  uncann\- 
similarity  to  shells  of  some  P.  hennudcnsis 
zonatus  samples  (the  possibility  of  intro- 
gression  will  be  considered  in  Chapter  10 ) . 
Sayles  ( 1931 )  allocated  specimens  from 
these  localities  to  P.  bennudemis. 

ii)  Gibbet  Island  local  population: 
Smallest  population  of  P.  c.  cupula;  inter- 
mediate in  other  respects. 
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Figure  9.  Histogram  of  mean  sample  values  of  protoconch 
width  in  P.  cupula  showing  complete  separation  of  P.  cupula 
cupula  from  the  polymorph  comp'ex  (left  of  vertical  line). 
Values  on  abscissa  are  midpoints  of  class  intervals  (microm- 
eter units  at   1    unit  =    .0327  mm). 


iii)  Whitb)-  local  population:  Inter- 
mediate in  all  basic  features  of  morphology, 
the  Whitby  population  is  unique  in  the 
narrowness  of  color  band  3.  Average 
relative  wadth  for  this  band  is  .099,  while 
the  range  for  all  other  P.  c.  cupula  is  .166 
to  .200. 

iv)  Walsingham  local  population:  These 
shells  from  the  species'  type  locality  are 
the  largest  ( S5  =  14.0  mm )  and  relatively 
highest  (R5  =  0.97)  of  P.  cupula  cupula 
samples. 

On  the  basis  of  color  patterns  alone,  a 
primarN'  dichotomy  was  made  between  P. 
cupula  cupula  and  members  of  a  "poly- 
morph complex"  (P.  c.  cupuloidcs,  P.  c. 
trkintiulads,  P.  c.  dalli,  and  P.  c.  multi- 
spira).  The  following  differences  in  size 
and  shape  reinforce  the  validity  of  this 
separation. 

a )  P.  cupula  cupula  is  larger  at  the  fifth 
whorl.  Of  the  polymorph  complex,  only 
the  Devil's  Hole  local  population  of  P.  c. 
triangularis  exceeds  the  smallest  P.  cupula 
cupula  population  (Gibbet  Island)  in  S5. 
There  is  no  o\erlap  in  protoconch  width; 
that  of  the  smallest  P.  c.  cupula  exceeds 
that  of  the  largest  polymorph  population 
(Fig.  9).  If  we  assume  that  P.  cupula 
cupula  was  derived  from  P.  c.  cupuloides 
by  stabilization  of  morph  d  and  intensifi- 
cation of  coloration  in  the  band-1  position, 
then  the  correlation  of  morph  t\pe  and 
size  at  the  fifth  whorl  in  the  Quarry  Road 
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Table    8.      Correlation    of    size    and    color 
morph  type  in  the  quarry  road  local  popula- 
tion of  p.  cupila  cupuloides 

Morph  abed 

Mean  size  at  fifth  whorl   11.86   12.23   12.13   12.48 
Number  of  specimens        12  3  6  5 


local  population  of  P.  c.  cupiiloides,  shown 
in  Table  8,  assumes  special  importance. 
The  mean  S5  for  shells  of  morph  d  is  larger 
than  that  for  shells  of  morph  a,  and  the 
difference  is  significant  at  the  5  per  cent 
level  (0.02<p.<0.05:  t=2.29  at  15  d.f.). 
That  this  correlation  of  size  and  morph  type 


holds  not  only  within  but  also  among 
samples  is  illustrated  by  the  West  Coney 
Island  population,  which  has  stabilized 
morphs  a  and  b  and  is  the  smallest  P.  c. 
cupiiloides  (  S5  =  11.2  mm).  The  two  mea- 
sured populations  of  P.  c.  cupuloides  which 
have  stabilized  morph  c  are  intermediate 
in  S5  (12.0  and  11.9  mm)  between  the 
Cone>-  Island  snails  and  morph  d  shells  of 
the  Quarry  Road  population.  Thus,  size 
and  morph  type  are  correlated  among 
shells  of  a  population,  among  populations 
of  a  subspecies,  and  between  subspecies  of 
an  inferred  ancestor-descendant  sequence 
in  P.  cupula.  Although  the  genetic  cause 
of  the  correlation  is  probably  unknowable, 
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this  example  does  demonstrate  that  eolor 
variation  may  have  morpliologieal  corre- 
lates and  that  the  adaptixe  significance  of 
a  color  pattern  need  not  reside  exclusively 
in  the  pattern  itself. 

b)  Figure  10  shows  the  relationship 
between  DOR  and  InFI  for  mean  sample 
\alues  of  all  measured  P.  cupula  samples. 
The  data  are  well  approximated  by  two 
parallel  lines  for  P.  cupula  cupula  and  the 
pol\TOorph  complex,  respectively.  At  equal 
\alues  of  the  differential  growth  ratio,  P. 
cupula  cupula  tends  to  ha\e  a  lower  initial 
form  index  and,  correspondingh',  a  rela- 
ti\'ely  wider  shell  than  members  of  the 
polymorph  complex  of  the  same  size. 

In  addition  to  proxiding  a  discriminatory 
index,  this  relationship  illustrates  a  point 
often  overlooked  in  correlation  studies. 
Among  individuals  of  a  population,  the 
correlation  of  InFI  and  DGR  is  always 
negative  (reaching  values  as  high  as  -.727 
for  the  P.  c.  cupula  South  Shore  local  popu- 
lation, and  -.789  for  P.  hcrmudensh  zonatus 
from  Government  Quarry).  Among  popu- 
lations of  P.  cupula,  the  correlation  is 
strongly  positive  (r=+.787  for  all  P. 
cupula  considered  together  and  +.971  for 
populations  of  the  polymorph  complex). 
This  discrepancy  ceases  to  be  surprising 
when  we  realize  that  the  correlation  of  InFI 
and  DGR  is  controlled  by  different  factors 
within  and  among  populations.  A  negative 
correlation  implies  that  later  growth  oper- 
ates in  the  opposite  sense  to  previous 
dexelopment.  Stabilizing  selection  within 
a  population  will  allow  a  limited  range  of 
adult  foiTn  ratios.  If  initial  growth  in 
relative  height  is  abnormally  rapid  (high 
InFI),  the  DGR  will  tend  to  be  low  in 
order  to  produce  a  final  form  ratio  within 
the  favored  range.  Unusually  low  values 
of  InFI  will  require  a  correspondingly  high 
DGR.  (I  infer  from  its  high  variability 
that  the  DGR  is  strongly  subject  to  the 
influence  of  feedback  from  early  develop- 
ment.)  A  positive  correlation,  on  the 
other  hand,  implies  that  early  and  later 
gro\\'th  \ai-\-  together  to  produce  the  final 


shape.  If  it  is  selectively  advantageous  for 
shells  of  one  population  to  be  relatively 
higher  than  those  of  another,  an  increase 
in  botli  DGR  and  InFI  will  most  efficiently 
produce  the  higher  spire.  Among  popu- 
lations differing  in  mean  adult  form  ratio, 
a  positi\e  correlation  is  to  be  expected. 

Given  these  consistent  differences  in 
color  and  morpholog\ ,  a  case  could  be 
made  for  specific  chstinction  of  P.  cupula 
cupula  from  the  polymorph  complex.  Yet 
such  a  discussion  seems  vacuous  while 
morpholog)-  alone  supplies  the  evidence, 
and  the  more  conservative  \iew  is  adopted 
here. 

A  multivariate  assessment  of  morpho- 
logical differences  among  subspecies  is 
provided  by  Q-mode  factor  anahtic  plots 
on  \arimax  axes  (Chapter  5,  section  A). 
The  matrix  of  means,  \\ith  mean  sample 
values  for  non-standardized  variables  given 
at  5%  whorls,^  was  used  in  the  analysis. 
COVAP  does  not  handle  missing  data,  and 
all  the  color  measures  save  relative  width 
of  band  3  were  omitted,  since  fewer  than 
fi\e  measured  specimens  provided  data 
for  the  other  color  variables  in  manv 
samples.  This  elimination  has  the  salutary 
effect  of  permitting  a  comparison  of  size 
and  shape  alone  (relative  width  of  band  3 
is  not  a  strongly  discriminating  measure). 


^  Matrices  of  means  for  P.  cupula  and  P.  her- 
mudensis,  the  epitome  of  all  data  used  in  tliis 
work,  will  be  found  in  AppendLx  3. 

A  whorl  number  (lather  than  a  size)  is  used  for 
standardization  since  the  whorl  number  at  maxi- 
mum size  varies  very  httle  in  P.  cupula:  thus, 
whorl  number  approaches  the  ideal  of  standard- 
ization at  a  developmental  stage.  This  introduces 
a  serious  bias  only  for  P.  c.  multispira,  the  maxi- 
mum whorl  number  of  which  exceeds  all  other 
samples  by  2.  Many  of  its  values  confirm  the 
impression  diat  it  is  being  considered  at  an  earlier 
de\elopmental  stage  than  are  the  other  samples. 
Its  value  of  '■the  lower  eccentricity,"  for  example, 
is  the  lowest  of  all  samples,  but  since  "the  lower 
eccentricity"  is  the  one  non-standardized  measure 
which  undergoes  its  greatest  change  late  in 
ontogeny,  this  ma>'  indicate  only  that,  at  5%  whorls, 
the  P.  c.  inulfispira  sample  is  developmentally 
younger  than   all   otlier  samples. 


452         Bulletin   Museum   of  Comparative  Zoology,   Vol.   138,   No.    7 


A  percent-range  transformation  was  used 
to  eliminate  imeciual  weighting  of  variables 
clue  to  differences  in  their  magnitude. 
(Manson  and  Imbrie,  1964).  Samples  are 
represented  on  plots  by  the  following 
numbers : 

P.  cupula  cupuloidc.s 

i)   Quarrv  Road  local  population:  13, 

14 
ii)   West    Coney    Island    local    popu- 
lation:  15 
iii)   Surf  Bav  local  population:   19 
iv)   Bird's  Nest  local  population:   18 
P.  cupula  trianii^ularis 

i)   Pink  Beach  local  population:  11 
ii)   Devil's  Hole  local  population:  12 
P.  cupula  dalli 

i)   Albu()\''s  Point  local  population:  17 
P.  cupula  multis})iia 

i)   St.     David's     Island    local    popu- 
lation:   16 
P.  cupula  cupula 

i)   South  shore  local  population:    01, 

02,  03,  04,  05,  06,  07 
ii)   Gibbet  Island  local  population:  08 
iii)   Whitby  local  population:  09 
iv)   Walsingham  local  population:    10 

Figure  11,  a  plot  of  axis  1  vs.  axis  2  of  a 
3-axis  solution,  gives  a  picture  of  relative 
morphological  similarity  among  subspecies 
as  recorded  by  32  variables. 

a)  P.  c.  dalli  and  P.  c.  mulfispira  are 
very  distinct  from  all  other  samples  and 
from  each  other.  Their  mutual  separation 
confirms  their  subspecific  status  and  dem- 
onstrates that  the  similar  form  ratio  of 
large  specimens  is  a  superficial  converg- 
ence. 

b)  The  local  populations  represented 
by  more  than  one  sample  (Quarry  Road 
P.  c.  cupidoidcs  and  South  Shore  P.  c. 
cupula)  group  as  tight  clusters  in  all  idiots. 

c)  In  the  absence  of  distinctive  color 
variables,  the  3-axis  plot  does  not  distin- 
guish the  samples  of  P.  c.  tiiaiv^ularis  from 
the  South  Shore  local  population  of  P.  c. 
cupula  (these  are,  collectively,  the  rela- 
tively widest  samples  of  P.  cupula).    If  a 


fourth  axis  is  added  (Fig.  12),  a  distinction 
of  the  two  subspecies  is  established.  High- 
est projections  upon  the  fourth  axis  are 
exhibited  by  the  Whitby  and  Walsing- 
ham local  populations  of  P.  c.  cupula.  The 
South  Shore  local  population  projects 
fairly  strongly  on  this  axis,  the  samples  of 
P.  c.  tiianiiularis  very  weakly. 

d)  The  three  P.  c.  cwmla  local  popu- 
lations of  low  fifth  whorl  form  ratio  are 
not  well  distinguished  from  the  P.  c.  cupu- 
loidc.s cluster  in  the  absence  of  distinctive 
color  variates.  Some  weak  separation  is 
indicated  by  the  higher  joint  projections 
of  the  P.  c.  cupula  samples  upon  both  axes 
1  and  2. 

Table  9  presents  an  oblique  projection 
matrix  for  the  3-axis  solution.  Again,  P.  c. 
dalli  and  P.  c.  multispira  are  seen  to  be 
very  different  from  all  other  populations 
and  from  each  other.  P.  c.  triangularis  is 
not  separated  from  the  South  Shore  P.  c. 
cupula,  but  the  weak  distinction  of  rela- 
tively high  P.  c.  cupula  populations  from 
samples  of  P.  c.  cupuloides  is  confirmed  by 
samples  of  P.  c.  cupuloides  is  confirmed  by 
the  projections  of  all  P.  c.  cupula  local 
populations  (higher  than  that  of  any  P.  c. 
cupuloides)  upon  the  sample  of  the  South 
Shore  local  population  of  P.  c.  cupula  that 
serves  as  the  first  oblique  reference  axis. 

3.  Distribution  of  P.  cupula  in  time. 
Although  temporal  and  geographic  ranges 
of  subspecies  can  be  documented,  the 
arrangement  of  these  populations  in  a 
phylogenetic  pattern  requires  some  very 
speculative  inference.  (The  phylogeny  of 
P.  hcnnudcnsis,  which,  due  to  far  greater 
sample  numbers,  sizes  and  temporal  con- 
trol, can  be  documented  with  high  ac- 
curacy, will  be  discussed  later.  The  tenuous 
nature  of  conclusions  concerning  P.  cupula 
should  not  be  read  as  a  model  for  the 
(general  degree  of  resolution  attainable  in 
these  studies. )  If  the  observed  ranges  rep- 
resent true  ranges,  then  the  following  con- 
clusions are  probable: 

a)   P.    c.    cupula    arose    during    Shore 
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Plot  on  varimox  axes  of  all  P.  cupula  samples. 
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Hills  times  from  a  population  (or  popu- 
lations) of  P.  c.  cupuloides  which  had 
stabili/fd  morph  d. 

b)  The  polymorph  complex  under- 
went an  adaptive  radiation,  just  before 
the  base  of  the  Harrington,  w  hich  resulted 
in   the  extinction   of  parental  P.   c.   cu})it- 


loides  and  the  origin   of   (at  least)    three 
new  subspecies. 

c)  All  subspecies  of  P.  cupida  (at 
least  four)  became  extinct  at  the  top  of 
the  Pembroke.  Although  the  first  two 
statements  are  quite  speculative,  this  third 
conclusion  is  well  documented.   Not  a  trace 
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Figure   12.      Plot  on  vorimax  axes  of  all  P.  cupula  cupula  samples.    AA  stands  for  02  and  05. 


of  P.  cu))ula  has  ever  been  found  in  the 
extensive  St.  George's  and  Southampton 
fossil-bearing  formations. 

When  the  subspecies  ranges  are  com- 
pared with  a  chart  of  inferred  sea-level 
fluctuations  (Fig.  13),  a  basis  for  inter- 
pretation of  the  phylogeny  proposed  above 


is  established.  The  pre-Harrington  adap- 
tive radiation  is  coincident  with  the  rise 
of  the  De\onshire  sea  to  a  maximum  of 
+5  meters.  At  such  a  level,  Bermuda 
would  be  dissected  into  even  more  islands 
than  exist  today.  A  large  number  of 
geographically    isolated    potential    habitats 
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Table  9.  Oblique  pbojectiox  nlvtrix  for  all 
/'.  an  LA  SAMPLES.  The  follovviny  ideiitih  intj;  in- 
formation is  given  for  each  sample:  tii\ia!  name 
of  the  subspecies,  name  of  the  local  population 
and  locality  number  when  more  than  one  sample 
of  a  local  population  was  measured. 


Sample 

Axis   1 

Axis   2 

Axis   3 

cupula   (Soiitli  Shore,  43) 

1.000 

0.000 

0.000 

cupula   (South  Shore,  41a) 

0.987 

-0.056 

0.050 

trianL:ulaiis  (  DcnII's  Hole) 

0.9fi7 

-0.078 

0.057 

cupula    (South  Shore,  41c) 

0.950 

0.038 

0.070 

cu))ula   (South  Shore,  37) 

0.950 

-0.080 

0.123 

cupula   (South  Shore,  41b) 

0.930 

-0.051 

0.143 

cupula   (  South  Shore,  35 ) 

0.895 

-0.066 

0.194 

cupula   (\Miitby) 

0.853 

0.380 

-0.048 

cupula   (Gibbet  Island) 

0.849 

0.275 

0.039 

cupula   (South  Shore,  39) 

0.839 

-0.131 

0.284 

tiiau^ulaiis  ( Pink 

Beach  Road) 

0.813 

-0.204 

0.320 

cupula   ( W'alsinghani ) 

0.792 

0.565 

-0.141 

cupuloides   (Surf  Bay) 

0.767 

0.169 

0.194 

cupuloides   (Quarry 

Road,  9) 

0.710 

0.332 

0.202 

cupuloides   ( Quarr\- 

Road,  P4) 

0.695 

0.337 

0,216 

cupuloides   (Bird's  Nest) 

0.662 

0.498 

0.104 

cupuloides   ( Cone\'  Island) 

0.599 

0.031 

0.506 

datli  i  Albuov's  Point ) 


0.000     1.000     0.000 


inultispira   (St.   David's  Is.)     0.000     0.000     1.000 


\\'ould  then  be  a\'ailable.  Rensch  ( 1937 ) 
invoked  a  similar  explanation  for  the  di- 
\ersity  of  the  MitrcUa  muralis  stock  in 
western  Sicily.  "In  the  late  Tertiary  and 
during  part  of  the  Pleistocene,  the  moun- 
tains of  Western  Sicily  were  inundated  to 
form  islands  and  peninsulas.  Indi\idual 
moimtains  were  then  more  strongly  isolated 
than  they  are  today  and  the  stabiUzation 
of  races  was  promoted"  (translated  from 
Rensch,  1937:  587).  The  total  extinction  of 
P.  cupula  is  concurrent  with  the  highest  post- 
Belmont  Sea — the  Spencer's  Point,  which 
rose  to  +20  meters  and  virtually  inundated 
the  entire  island  complex.  In  earlier  for- 
mations P.  cupula  is  often  associated  with 
P.  neJsoni;  P.  bcrmudcnsis  rarely  occurs 
\\ith  either  of  the  other  species  of  its  sub- 
genus. P.  nelsoni  was  similarly  affected  b\' 
the  Spencer's  Point  rise,  for  it  is  present  in 
the  St.   George's  in  only  two  adjacent  lo- 


calities and  is  never  found  in  the  South- 
ampton. P.  bcrmudcnsis,  on  the  other  hand, 
is  quite  connnon  in  the  St.  George's  and 
seems  to  have  survived  the  Spencer's  Point 
inundation  with  little  difficult\-.  This  im- 
plies that  P.  bcrmudcnsis  can  adapt  itself 
to  dune  conditions  more  readil\-  than  other 
members  of  its  subgenus.  Dunes  form  at  the 
island  periphery  and,  with  the  drastic  re- 
duction of  subaerial  Bermuda  during 
Spencer's  Point  time,  the  remaining  land 
must  ha\e  been  "all  periphery,"  completely 
effacing  the  calmer  habitats  that  P.  cupula 
and  P.  nelsoni  may  have  preferred. 

C)   The  Cause  of  Diversify 

Adjacent  local  populations  of  a  pul- 
monate  species  are  often  strikingly  diverse, 
e\'en  \\'hen  a  uniform  en\ironment  seems 
to  prevail  throughout  the  inhabited  area. 
The  difficulty  of  attributing  such  extreme 
variability  to  the  effects  of  natural  selection 
alone  has  prompted  many  authors  to  sug- 
gest that  random  processes  of  evolutionary 
change — genetic  drift  and  the  founder 
principle — are  acting  to  initiate,  and  per- 
haps even  to  maintain,  the  diversity.  Mayr 
and  Rosen  ( 1956 ) ,  commenting  on  the 
"crazy  quilt  distribution  pattern"  of  Ccrion 
in  Bimini,  write:  "It  is  possible  and  prob- 
able that  many  if  not  most  colonies  are 
founded  by  a  single  fertilized  adult  .  .  . 
Each  new  colony  is  an  evolutionary  experi- 
ment." At  its  outset,  the  new  population 
exhibits  gene  frequencies  different  from 
those  of  its  parental  source  because  the 
small  numlier  of  founders  cannot  be 
expected  to  transmit  a  complete  replica 
of  the  parental  gene  pool,  but  there  are 
also  reasons  wh\-  selection  will  then 
promote  rapid  dixergence  in  a  founder 
jiopulation:  high  inbreeding  in  early  gener- 
ations, for  (>xample,  exposes  homozygous 
genotypes  to  selection  more  often  than  in 
outbred  populations  (Mayr  and  Rosen, 
1956).  Thus,  the  ultimate  genetic  sepa- 
ration of  the  newly-founded  and  parental 
populations  results  both  from  random 
genetic  attributes  of  the  founders  and  from 
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Figure   13.      Ranges   of   the   subspecies   of  P.    cupula.     See   text   for    inferred    pfiylogeny    and  correlation   witli    rise   and    fall    of 
Pleistocene  sea. 


subsequent  selection.  Komai  and  Emura 
(1955)  cite  the  founder  principle  as  "the 
most  important  cause  of  the  differentiation 
of  natural  populations  of  this  snail  [Biadij- 
haena  similaris].  Besides,  there  must  have 
been  genetic  drift  due  to  the  small  size  of 
breeding  population"   (1955:  415). 

Other  authors  have  responded  with  a 
vigorous  defense  of  the  total  efficacy  of 
selection  and  some  spirited  controversies, 
constituting  much  of  the  best  recent  work- 
on  pulmonate  microevolution,  have  ensued. 
To  illustrate  the  controversy,  I  have 
selected  the  drosophilas  of  pulmonate 
microevolutionary  studies:  Cepaca  and 
Paiiula. 

a)  Cepaea:  The  hterature  is  reviewed 
by  Ford   (1964)   and  Harvey   (1964)    and 


will  not  be  extensively  cited  here.  Morph 
frequencies  within  populations  are  known 
to  be  strongly  influenced  by  visual  thrush 
predation  (cryptic  coloration  is  afforded 
by  different  morphs  in  different  environ- 
ments or  during  seasonal  fluctuations  of 
a  single  environment),  and  by  varying 
environmental  tolerances  of  the  morphs. 
Lamotte  ( 1951 )  maintained  that  dissimi- 
larities among  colonies  were  due  more  to 
genetic  drift  than  to  selection,  but  his 
reasons  have  been  disputed  by  later 
authors.  He  found,  for  example,  that  dif- 
ferences among  smaller  colonies  are  greater 
than  among  large  ones,  but  Mayr  (1963) 
asserts  that  more  precise  adaptation  is 
attainable  in  the  uniform  habitats  of  small 
colonies.     Lamotte    found    no    correlation 
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llet^^'een  morph  frequencies  of  C.  nemoralis 
and  C.  Iwiicii'ii.'i  living  together  on  the 
same  background,  but  Clarke  (1960) 
showed  that  similar  cryptic  patterns  can 
be  attained  by  different  routes.  In  uniform 
beachwoods,  \\here  brown  coloration  is 
most  ad\antageous.  brown  unhanded  C. 
iicmorolis  occur  ^^■ith  high  frequency,  but 
C.  Jioiicnsis  shells  tend  to  be  yellow  with 
fused  bands.  "The  \  isible  effect,  an  overall 
brown  appearance,  is  \ery  similar  in  both 
species,  but  the  means  of  attaining  it  are 
different"  (Clarke,  1960:  441).  Clarke 
belie\"es  that  genes  for  brown  ground  color 
may  be  less  advantageous  against  the 
genetic  background  of  C.  hortensis  than 
thev-  are  against  that  of  C.  nemoralis. 

The  contro\ersy  has  been  reasserted  with 
regard  to  Cain  and  Currey's  (1963)  "area 
effects" — remarkabh-  rapid  shifts  in  morph 
frequencies  over  very  small  distances. 
These  they  attribute  to  the  selective  action 
of  cr>ptic  environmental  differences,  but 
Goodhart  (1963)  has  emphasized  chance 
genetic  assortment  in  small  founding  stocks 
(see  also  Goodhart  1962).  Recently, 
Clarke  (1966)  has  proposed  a  selection 
model  for  the  production  of  sharp  local 
changes  in  clines  which  appeals  neither  to 
cr\'ptic  (i.e.,  unobserved)  environmental 
discontinuities  nor  to  the  founder  principle. 

b)  Pai-fida:  Crampton  (1932)  found  no 
correlation  between  form  and  environment 
for  the  Partulae  of  Moorea  and  assumed 
that  selection  had  little  to  do  with  estab- 
lishing and  maintaining  the  diversity 
among  local  populations.  By  comparing 
Mahalanobis  distance  functions  constructed 
from  Crampton's  four  variables  (height, 
width,  aperture  height,  aperture  width), 
Bailey  (1956)  found  that  an  invading  sub- 
\'ariety  is  alwa>s  more  dissimilar  to  the 
displaced  or  preinhabiting  subvariety  than 
is  its  related  non-invading  subvariety;  he 
thus  concluded  that  selection  is  operating 
to  increase  the  distinction  of  sympatric  sub- 
varieties:  "The  invading  variety  would  be 
visualized  as  hybridizing  with  the  prein- 
habiting variety  to  a  limited  extent.    This 


would  enable  natural  selection  to  build  up 
mechanisms  to  limit  further  production  of 
these  (assumed)  less  adaptive  hybrids" 
(Bailey,  1956:  365).  There  are  several 
weaknesses  in  Bailey's  arguments: 

i)  Bailey  shows  that  selection  tends 
to  preserve  \arieties  when  the>'  in\ade  ter- 
ritory inhabited  by  others.  The  oriii,in  of 
races  may  still  be  attributed  to  the  founder 
principle. 

ii)  Bailey  maintains  that  population 
sizes  are  too  large  for  genetic  drift.  This 
is  certainK'  true  now,  but  we  ha\e  no  idea 
of  the  size  of  the  founding  populations,  the 
first  invaders  of  a  new^  \alley. 

ill)  Crampton's  traits  "have  not  been 
shown  to  be  neutral  or  lacking  in  selection 
pressure"  (Bailey,  1956:  365).  This  is  a 
straw-  man  often  constructed  in  such  argu- 
ments:  that  every  trait  separating  two 
groups  is  of  adaptive  significance  does  not 
necessarily  imply  that  the  difference  arose 
by  selection.  Differences  established  by 
drift  may  be  less  adaptive,  but  if  the  found- 
ing population  is  completely  isolated,  the 
slightly  more  ad\antageous  constitution  of 
its  parental  population  is  virtually  irrele- 
vant. 

Although  I  am  myself  predisposed  to 
favor  explanations  giving  a  dominant  role 
to  selection,  I  find  a  logical  flaw  in  the 
arguments  of  those  who  would  cite  selec- 
tion as  a  more  or  less  completely  sufficient 
cause.  Advocates  of  random  effects  con- 
struct their  argument  in  this  conditional 
form:  "If  the  results  cannot  be  explained 
by  selection,  then  random  effects  must  be 
invoked."  Supporters  of  selection  have 
tried  to  show  that  results  can  be  explained 
b>-  selection,'  but  this  denial  of  the  ante- 
cedent cannot  falsif\-  the  statement,  for  the 
citation  of  a  possible  cause  does  not  confirm 
its  actual  operation.  I  do  not  consider  selec- 
tive explanations  so  inherently  preferable 
that  their  mere  consistencv  with  results  is 


^For  example,  Cain  and  Carrey  (1963:  471): 
"The  interaction  of  selective  forces  is  complex, 
and  seems  to  lea\e  little  scope  for  purely  random 
effects." 
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sufficient  to  deny  alternatives.  Actual  ob- 
servations of  the  work  of  selection  (visual 
predation  studies  in  Cepaea)  are  more 
confirmatory,  but  these  usually  demon- 
strate the  role  of  selection  in  maintaining 
differences  among  established  populations; 
random  effects  may  be  involved  in  the 
origin  of  these  differences. 

What  causes  the  differences  in  morph 
frequencies  among  local  populations  of 
subspecies  in  the  polymorph  complex  of 
P.  cupula?  Visual  predation  by  verte- 
brates seems  unlikely.  No  native  Bermu- 
dian  tetrapod  has  been  observed  to  eat 
snails,  and  no  evidence  of  bird  predation 
has  ever  been  obtained.  Smaller  enemies 
may  have  been  impcntant  factors  in 
P.  cupula  mortality.  Isopods,  nematodes, 
beetle  larvae,  mites,  land  planarians,  and 
infusorians  are  substantial  natural  pests  of 
Bradiihacna  similaris  (Komai  and  Emura, 
1955).  Physiological  correlates  of  color 
conferring  resistance  to  these  enemies  may 
have  favored  certain  morphs.  Ewers  and 
Rose  (1965)  found  that  banded  individuals 
of  the  Australian  marine  snail  Velacu- 
mantus  australis  were  less  likely  to  harbor 
trematode  parasites  than  unhanded  speci- 
mens. Physiological  correlates  of  color  also 
confer  varying  resistances  to  physical  fac- 
tors of  the  environment.  In  Cepaea,  the 
yellow  bandless  form  is  more  resistant  to 
high  temperatures  than  pink  and  banded 
individuals.  Guerrucci-Henrion  (1966:  409) 
believes  that  most  differences  in  morph- 
frequencies  among  populations  of  Cepaea 
nemoralis  are  tied  to  adaptive  physiological 
features  linked  with  the  determinants  of 
color.  The  morphs  of  Bradyhaena  similaris 
differ  significantly  in  growth  rate  and  in 
susceptibility  to  low  temperatures  (Komai 
and  Emura,  1955). 

One  aspect  of  the  temporal  distribution 
of  polymorph  populations  could  be  inter- 
preted as  favoring  explanations  involving 
random  processes:  the  oldest  populations 
exhibit  all  four  morphs;  geologically 
younger  populations  invariably  lose  at 
least  one  and  as  many  as  three  color  forms. 


A  few  founding  individuals  would  not  be 
expected  to  possess  the  genetic  factors  for 
all  color  forms.  Moreover,  since  the  geni- 
talia of  Poecilozonites  suggest  the  possi- 
bility of  self-fertilization  (see  Chapter  2), 
it  is  likely  that  many  new  populations 
begin  with  the  genetic  information  of  only 
a  single  individual.  Limicokiria  inarten- 
siana  exhibits  four  genetically  determined 
color  morphs,  but  various  forms  are  absent 
in  some  populations  usually  the  rarest 
form  in  the  smallest  populations  (Owen, 
1965). 

Another  observation,  however,  is  more 
easily  explained  by  selection.  Size  at  the 
fifth  whorl  is  correlated  with  intensity  of 
coloration  as  represented  by  the  morphs; 
other  graded  physiological  responses  may 
likewise  be  linked  with  color.  If  random 
processes  were  responsible  for  the  stabili- 
zation of  certain  moiphs,  the  distribution 
of  these  morphs  in  populations  possessing 
fewer  than  the  complete  set  would  not  be 
expected  to  follow  a  definite  pattern.  In- 
stead, populations  \\'ith  2  or  3  morphs 
always  possess  a  graded  series  (ab,  bed,  or 
cd,  never  ac,  acd,  etc.).  This  would  be 
expected  if  the  stabilization  of  moiphs  is 
a  by-product  of  selection  for  large  or  small 
size  at  the  fifth  whorl. 

I  am  therefore  caught  in  the  paradox 
cited  above.  Observed  temporal  patterns 
are  consistent  with  an  explanation  involv- 
ing selection  alone,  but  this  does  not  dis- 
prove the  possible  role  of  random  factors. 
I  would  be  surprised  if  reduction  of  color 
variability  in  the  few  chance  founders  of 
new  populations  played  no  role  in  the 
stabilization  of  morph  subsets  in  post- 
Walsingham  populations  of  P.  cupula. 

VII.    EVOLUTION   OF  THE  P.  NELSONl 
STOCK 

A)   Introducfion 

1.  Basic  features  of  P.  nelsoni.  The  size 
of  organisms,  as  Huxley  has  remarked,  has 
a  fascination  of  its  own.  As  the  sequoia  of 
Bennudian  snails,  P.  nelsoni  has  long  at- 
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tracted  special  attention  from  naturalists. 
Lieut.  Nelson,  for  whom  the  species  was 
later  named,  spoke  in  glowing  terms  of  "a 
large  and  delicate  Helix"  so  common  in 
Bermuda's  ca\es  that  in  a  single  instance, 
"upwards  of  thirt\'  Imshels  were  recovered 
without  any  earth  among  them"  (Nelson, 
1840,  quoted  in  Verrill,  1905:  160).  Pilsbry, 
too,  noted  its  "remarkabh"  large"  size 
(1888:   290). 

The  tv^De  specimen  of  P.  cupula  multi- 
spira,  largest  knowai  individual  of  its 
species,  measures  34.2  mm  in  height  plus 
width,  while  a  P.  hcrmudcnsls  zonafus 
from  Charles  Island  reaches  a  size  of  42.1 
mm.  In  contrast,  the  largest  P.  nelsoni 
(Shore  Hills  Soil,  Main  Fissure,  Govern- 
ment Quarry)  measures  77.6  mm  and 
specimens  exceeding  70  mm  are  common 
in  many  localities. 

The  other  distinguishing  features  of  P. 
nelsoni  are  all  related  to  its  size.  In  most 
samples,  mean  size  of  the  protoconch  ex- 
ceeds that  of  other  taxa.  Since  the  proto- 
conch fills  the  egg  and  since  larger  snails 
tend  to  lay  larger  eggs  (Rensch,  1932), 
this  observation  should  entail  no  surprise. 
The  larger  protoconch  implies  larger  size 
at  subsequent  whorls  but  this  differential 
is  not  sufficient  to  account  for  the  size  of 
P.  nehoni.  At  the  fifth  whorl,  the  largest 
P.  nelsoni  exceeds  the  largest  iive  whorlcd 
P.  hennudensis  b>'  only  8  per  cent.  Most 
of  the  difference  in  size  is  related  to  the 
greater  whorl  number  of  P.  nelsoni.  An 
8-whorled  specimen  is  not  uncommon, 
while  P.  cupula  and  P.  herniudensis  (with 
the  exception  of  P.  cupula  multispim) 
rarely  exceed  six  whorls.  The  mean  differ- 
ential growth  ratio  of  P.  nelsoni  is  less  than 
2.0  in  15  of  21  samples;  in  P.  cupida  and  P. 
hennudensis  such  low  values  are  character- 
istic only  of  P.  cupula  triangularis  and  some 
paedomorf)hic  samples  of  P.  hermudensis. 
The  higher  the  differential  growth  ratio, 
the  faster  the  increase  of  height  vs.  width 
in  ontogen\-.  If  not  counteracted  by  low- 
initial  form  index  or  unusually  large  early 
whorls,    high    differential     growth    ratios 


limit  final  size  by  rapid  production  of 
a  disadvantageousK-  high  spire  (Gould, 
1966a).  The  moderatel\-  large  early  whorls 
and  low  differential  growth  ratios  of  P. 
nelsoni  allow  this  species  to  maintain  rea- 
sonable proportions  to  sizes  at  which  P. 
cupula  and  P.  hermudensis  would  possess 
a  spire  too  high  for  efficic^it  locomotion 
(Gould,  1966a:  1135). 

2.  The  hiospecies  in  paleontology.  To 
many  paleontologists,  the  infusion  of  popu- 
lation thinking  has  meant  only  that  the 
noiTual  curve  should  replace  the  holotype 
as  a  reference  standard  for  the  definition 
of  species.  The  winnowing  of  a  few  bio- 
logically meaningful  taxa  from  masses  of 
names  erected  for  individual  variants  has 
been  the  most  satisfying  result  of  this 
replacement.  Indeed,  in  most  paleonto- 
logical  studies,  application  of  the  biological 
species  concept  cannot  progress  much  be- 
yond this  morphological  criterion  of  species 
recognition.  And  yet,  the  biospecies  is 
primarily  an  ecologic  notion  in  that  the 
criteria  used  for  inferring  the  genetic 
relationships  that  lie  at  its  core  are  not 
those  of  morphology,  but  rather  those  of 
habitat,  behavior,  and  geographic  distri- 
bution. 

Faced  with  the  dilemma  that  non- 
morphological  information  is  rarely  pro- 
vided by  fossils,  must  the  paleontologist 
abandon  the  biospecies  as  inapplicable  to 
his  studies  (as  Weller,  1961,  has  pro- 
posed)? My  qualified  "no"  is  based  on  tvvo 
arguments: 

1.  A  general  statement:  Unless  a  theo- 
retical concept  is  thoroughh-  non-oper- 
ational, in  which  case  it  may  be  reasonably 
abandoned  as  meaningless,  practical  diffi- 
culties in  application  do  not  demand 
rejection. 

2.  A  strategy:  While  admitting  that  most 
fossil  occurrences  do  not  pro\ide  the  non- 
morphological  information  needed  to  de- 
fine a  biospecies  properly,  I  would  argue 
that  a  paleontologist  particularly  interested 
in  the  study  of  species  ought  to  seek  those 
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fa\'orable  cases  in  which  such  information 
is  available. 

The  Bermudian  Pleistocene  is  a  favor- 
able case.  Within  a  span  of  time  far  shorter 
than  the  margin  of  error  in  most  geologic 
correlations,  10  island-wide  stratigraphic 
units  have  been  established.  Some,  the 
Harrington  unindurated  zone  in  particular, 
are  of  such  limited  temporal  extent  that 
geographic  distributions  for  a  given  instant 
may  reasonably  be  inferred  from  the  fossils 
found  within  them. 

Given  this  degree  of  resolution,  the  non- 
morphological  information  crucial  to  many 
taxonomic  decisions  becomes  available.  In 
particular,  we  now  have  criteria  for  deter- 
mining whether  two  samples  sufficiently 
distinct  for  taxonomic  separation  are  sub- 
species or  species.  This  is  a  decision  that 
simply  cannot  be  made  without  non- 
morphological  information.  Tlie  standard 
paleontological  use  of  subspecies  to  ex- 
press morphological  differences  smaller 
than  those  required  of  species,  does  not 
automatically  provide  taxa  in  accord  with 
the  biological  definition  of  this  rank;^  for 
we  know  that  one  of  a  pair  of  species  is 
often  more  similar  to  the  other  in  size  and 
shape  than  it  is  to  the  subspecies  of  its 
own  polytypic  taxon.  Since  species  and 
subspecies  are  defined  by  interbreeding 
relationships  that  can  often  be  inferred 
from  geographic  distribution,  we  have  the 
following  criteria  to  supplement  our  mor- 
phological base: 

1.  Non-interbreeding  sympatric  popula- 
tions are  species.  (In  fossils:  biomodality 
not  due  to  sexual  dimorphism,  age,  etc., 
among  specimens  from  a  single  locality  not 
coagulated  by  ])0,<it  mortem  transport. ) 

2.  Potentially  interbreeding  allopatric 
local  populations  are  subspecies.  (A  group 
of  fossil  samples,  each  of  distinct  morphol- 
ogy and  each  occupying  a  discrete,  non- 


^  I  am  not  suggesting  that  this  practice  lie 
abandoned,  but  merely  pointing  out  that  it  rep- 
resents a  use  of  the  Linnaean  system  more  for  the 
cataloguing  of  morphological  diversity'  than  for 
the  understanding  of  l)iological  relationships. 


overlapping  portion  of  the  species'  total 
geographic  range  at  a  given  moment  in 
time. ) 

B)    History  of  fhe  P.  nelson!  Stock 

1.  Previous-  uork  and  new  recommenda- 
tions. The  existing  subspecific  classification 
of  P.  nclsoni  is  a  compendium  of  shapes 
established  by  typological  systematists  be- 
fore the  geology  of  Bermuda  had  been  un- 
ravelled.   Five  names  are  available: 

1.  P.  nclsoni  nclsoni  (Bland)  1875. 
"Normal"  samples  having  a  weakly  de- 
veloped callus  and  adult  width /height 
ratio  of  about  1.5  to  1.7  have  been  referred 
to  the  nominate  subspecies.  (Pi.  2,  fig.  3). 

2.  P.  nclsoni  discoides  Gulick,  1904. 
Gulick  (1904:  416)  suggested  the  name 
discoides  "merely  as  a  convenient  term"  for 
low-spired  but  otherwise  "normal"  speci- 
mens. Verrill  (1905)  and  all  subsequent 
authors  have  treated  this  suggestion  as  a 
fomial  trinomial  (Pi.  2,  fig.  1  is  the  holo- 
type). 

3.  P.  nclsoni  conoides  Verrill,  1905.  Al- 
though he  acknowledged  that  "this  variety 
passes  into  the  others  by  all  intermediate 
gradations,"  Verrill  (1905:  163)  gave 
formal  recognition  to  "the  high-spired  or 
conical  form  of  this  species,  in  which  the 
height  is  from  two-thirds  to  nine-tenths  the 
diameter  of  the  shell,  or  sometimes  equal 
to  it"  (PL  2,  fig.  4  is  a  topotype).  Verrill 
( 1905 )  describes  the  type  locality  of  this 
form  as  "Western  shore  of  Castle  Harbor 
in  a  mass  of  red-clay  and  stalagmite." 
Haycock's  label  (collection  at  the  Ber- 
muda Museum)  for  his  P.  n.  conoides  speci- 
mens lists  their  source  as  "Gulick's  locality 
S06,  the  types  for  VeiTill's  P.  conoides." 
Now  Gulick's  806  is  also  the  t\'pe  locality 
of  P.  n.  discoides  and,  indeed,  Gulick  listed 
the  extreme  shapes  for  shells  of  this  locality 
as  Alt.  34,  Diam.  34  mm  (a  t\pical  P.  n. 
conoides)  and  Alt.  19.5,  Diam.  39  mm  (the 
type  specimen  of  P.  n.  discoides);  Gulick 
designated  only  the  low-spired  individuals 
as  P.  n.  discoides.    This  locality  has  been 
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ol)literated  b\'  progress  and  now  underlies 
a  sand  trap  of  the  Castle  Harbour  IIot(^l 
golf  course. 

The  snails  assigned  to  lliis  subspecies 
were  found  in  fissures  of  a  Walsingham 
cave  filled  with  Shore  Hills  Soil.  We  do 
not  know  whether  the  two  names  represent 
the  artiticial  division  of  a  single  \ariable 
sample  or  the  fossil  remains  of  two  dif- 
ferent fissures.  Despite  the  tremendous 
diversity  of  form  among  samples,  I  have 
ne\'er  made  a  collection  in  \\hich  the  range 
of  within-sample  variability  was  even 
nearh'  sufficient  to  encompass  these  two 
extremes  in  spire  height.  On  the  other 
hand,  the  caxes  and  quarries  of  this  area 
are  studded  \\ith  soil-filled  fissures.  The 
fissures  were  filled  at  different  times  with- 
in the  Shore  Hills,  and  each  of  several 
fissures  within  a  locality  ma>-  contain  a 
distinctive  fossil  sample.  I  suspect,  there- 
fore, that  the  names  P.  i\.  conoidcs  and  P. 
n.  discoides  were  applied  to  morphologically 
coherent  samples  from  different  fissures  of  a 
single  locality. 

4.  "P.  nclsoni  <i,ulickia)]a.''  Though  it 
never  appeared  in  print,  Pilsbry  intended 
to  establish  this  taxon  for  a  sample  from 
Localit}'  P3,  for  he  wrote  the  following 
Latin  note:  "n.  subsp.:  P.  n.  callosus 
Gulicki  prop.,  sed  major  carina  validior  et 
color  diff.  P.  nelsoni  gulickiana  Pils." 
[Close  to  Gulick's  P.  n.  callosus,  but 
stronger  carina  .  .  .  ]  The  color  pattern  of 
these  shells,  l'"23,  is  the  usual  one  for  P.  n. 
nelsoni  (to  which  this  sample  is  most 
closely  related  despite  Pilsbry's  statement); 
P.  n.  callosus  (discussed  below)  is  023. 
(Pi.  2,  fig.  6  is  the  specimen  which  would 
have  been  made  the  type  of  this  taxon. ) 

5.  P.  nelsoni  callosus  Gulick,  1904.  The 
holotyioe  (PI.  3,  fig.  2),  from  "Benj.  Trott's 
sand  pit,  Tuckerstown,"  represents  a  group 
of  samples  distinguished  from  other  forms 
of  the  species  by  their  smaller  size,  large 
number  of  whorls,  and  prominent  parietal 
callus. 

Tlie  use  of  a  classification  rooted  in 
outdated    principles    chains    us    to    those 


principles.  My  goal  in  reassessing  the 
classification  of  P.  nelsoni  is  not  to  establish 
a  "better"  order  (if  such  an  adjective  is 
even  appropriate  to  human  contrivances), 
but  to  arrange  taxa  in  accord  with  modern 
principles,  thereby  providing  a  vocabulary 
that  allows  these  principles  to  be  dis- 
cussed. In  seeking  taxa  which  correspond 
to  biological  populations,  two  aspects  of 
previous  methodologies  seem  especially  ob- 
structive. First  the  subjective  appraisal  of 
moiphology  based  on  one  or  just  a  few 
characters  should  be  replaced  by  a  more 
objective  e\  aluation  of  many  variables  and 
their  interrelations.  Especially  suspect  is 
the  subspecific  sequence  discoides-nelsoni- 
conoides,  based  as  it  is  solely  on  the 
variable  character  of  spire  height.  Measure- 
ment of  many  characters  with  subsequent 
simplification  and  representation  by  factor 
analysis  was  successful  for  P.  cupula  and 
will  be  used  here.  Secondly,  the  naming 
of  mere  shapes  must  be  extended  to  a 
study  of  the  geographic  and  temporal  dis- 
tribution of  such  shapes. 

When  the  second  recommendation  is 
followed,  some  regularities  are  noted  im- 
mediateh'.  In  particular,  the  two  major 
lithologies,  red  soils  and  eolianites,  contain 
distinct  aspects  of  the  total  fauna:  P. 
nelsoni  callosus  is  confined  to  eolianites 
(a  persuasi\'e  argument  for  its  validity), 
the  other  four  named  taxa  to  red  soils. 

2.  Distribution  and  variation  of  the  P. 
nelsoni  stock  in  red  soils.  Sayles  (1931) 
and  Bretz  (1960)  took  as  their  main 
paleontological  guide  to  Bermudian  stratig- 
raphy the  supposed  absence  of  P.  nelsoni 
above  the  Harrington  soil.  This  species  is, 
however,  reasonably  common  in  Pembroke 
dunes  and  has  now  been  found  (by  L.  S. 
Land  and  myself)  in  the  St.  George's  at 
adjacent  localities  IS  and  68;  its  range,  as 
known  today  is  Shore  Hills  to  St.  George's. 

The  outstanding  feature  of  P.  nelsoni  is 
its  diversity.  From  sample  to  sample,  dif- 
ferences in  basic  shape  and  shell  thickness 
occur  in  combination  with  a  great  variety 
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of  themes  on  the  color  pattern  123J 
Yet  variabihty  within  samples  is  not  nearly 
so  great  (color  characters  are  particularly 
diagnostic).  As  in  P.  cupula,  almost  every 
sample  of  P.  nchoni  is  sufficiently  unique 
to  allow  the  unambiguous  assignment  of 
a  single  well-preserved  shell  to  its  proper 
sample.  So  marked  is  this  distinction  that 
each  of  several  Shore  Hills  fissure  fills  of 
some  Bermudian  quarries  may  contain  its 
particular  assemblage.  Gulick  ( 1904 )  was 
sufficiently  modern  in  approach  to  avoid 
mixing  snails  of  the  same  species  from  dif- 
ferent localities,  but  he  lumped  fissures 
within  localities,  thereby  obscuring  im- 
portant patterns  of  infraspecific  variation. 
In  Government  Quarry  (locality  5),  for 
example,  three  of  the  numerous  fissures 
contain  large  numbers  of  P.  nclsoni  (while 
a  fourth,  dubbed  "the  graveyard"  by  local 
quarrymen,  is  a  massive  coquina  of  P. 
bermudensis  zonattis).  The  "Main  Fissure" 
on  the  south  wall  contains  large,  rather 
thick  shelled,  narrowly  umbilicate  speci- 
mens with  strong  123  coloration  and  an 
angulate  aperture  with  sharp  carina. 
Snails  of  the  "Bird  Fissure"  (type  locality 
of  the  crane  Baeopten/x  latipes)  are  large, 
thin  shelled,  and  widely  umbilicate,  with 
strong  123  coloration  and  a  rounded  aper- 
ture (PI.  2,  fig.  7).  The  "Coquina  Fissure" 
on  the  west  wall  is  filled  with  small,  low- 
spired,  and  delicate  P.  nelsoni  whose  weak 


■^  In  no  other  taxon  of  Poccilozonitcs  is  there  as 
much  infraspecific  variation  in  band  onsets  and 
widths  within  a  single  pattern.  Among  red  soil 
samples,  only  Ireland  Island  and  Camliridge 
Beaches  ( localities  65  and  97 )  do  not  exhiliit  the 
123  pattern;  these  lack  the  upper  band  and  are 
coded  023.  This  is  particularly  intriguing  because 
these  samples  are  the  only  red-soil  P.  nelsoni  from 
western  Bermuda.  P.  hennudensis,  discussed  in 
the  next  chapter,  has  the  same  geographic  distri- 
bution of  color:  all  eastern  samples  are  123;  all 
western,  023.  I  do  not  have  enough  P.  nelsoni 
samples  to  tell  whether  the  distril)utions  are 
exactly  alike,  nor  can  I  pick  a  preferred  hypothesis 
among  the  several  possibilities  of  sheer  coinci- 
dence, similar  selective  pressures  in  isolated 
environments,  genetic  interchange  between  the 
two  species,   etc. 


coloration  is  evident  in  the  narrowness  of 
bands  2  and  3  and  the  persistence  of  flames 
in  the  band  1  position. 

Morphological  relationships  among  24 
samples  ( each  represented  by  the  standard- 
ized means  of  24  variables)-  are  shown  in 
Figure  14,  a  plot  on  varimax  axes  1  and  2 
of  a  three  axis  Q-mode  solution;  the  three 
axes  account  for  94.0  per  cent  of  the  total 
information  of  all  samples,  while  the  first 
two  encompass  88.8  per  cent.  Numbers  1 
through  11  represent  red-soil  P.  nelsoni 
samples  assignable,  under  criteria  pre- 
viously used,  to  the  subspecies  P.  n.  nelsoni 
and  P.  n.  discoides.  Samples  with  relatively 
wide  shells  project  strongly  on  the  first 
axis  and  weakly  on  the  second;  the 
diagonal  array  of  P.  nelsoni  reflects  an  in- 
crease in  relative  height  moving  from 
upper  left  (number  6  is  the  type  sample 
of  P.  n.  discoides)  towards  lower  right. 
Samples  are  evenly  spaced  along  the  array 
and  do  not  cluster  into  discrete  morpho- 
logical groups.  Moreover,  samples  on  the 
"discoides"  end  of  the  array  are  distributed 
erratically  in  space  and  time.  The  coin- 
cidence of  morphological  clusters  with 
unique  spatio-temporal  distributions,  the 
criterion  by  which  subspecies  were  defined 
in  P.  cupula,  does  not  occur  here.  Of  the 
four  discoides-like  samples,  number  6 
(type  discoides)  is  widely  separated  from 
its  Shore  Hills  geographic  neighbors  ( num- 
bers 1-5);  8  and  9  are  from  the  opposite 
western  end  of  BeiTnuda  and  10  (Pi.  2, 
fig.  2)  is  one  of  the  two  St.  George's 
samples  (the  other  being  number  11,  most 
"intermediate"  of  the  red-soil  P.  nelsoni). 
We  have  either  a  polytopic  subspecies  or 


-  Non-standarized  variables  are  considered  at 
40  mm  height  plus  width.  Two  important  samples 
could  not  be  included  in  tliis  plot  because  tlie 
sample  range  in  size  was  insufficient  to  construct 
meaningful  regressions  for  predicting  values  of 
non-standardized  variables  at  40  mm.  As  para- 
type  material  belonging  to  other  museums,  the 
shells  of  these  samples  (type  localities  of  P.  n. 
conoidcs  and  'P.  n.  ^ulickiana"),  all  of  large 
size,  could  not  be  broken  back  to  produce  the 
required  size  range. 
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Figure   14.      Plot  on  varimax  axes  of  all   samples  of  the  P.   ne/soni  stock.     P.n.  nehoni  (nos.   1-11),  P.n.  co//osus  (nos.   12-18), 
P.s.  superior  (nos.  19-20),  and  P.s.  arenicolus  (nos.  21-24). 


a  group  of  samples  which  have  acquired  that  the  second  alternative  seems  prefer- 
independently  a  low  spire  and  its  set  of  able.  The  type  sample  of  P.  n.  conoides, 
mechanical  consequences  (wide  umbilicus,  likewise,  is  little  more  than  the  highest 
relatively  wide  aperture,  etc.).  As  a  char-  spired  of  a  morphologically  intergrading 
acter,   spire  height  is   so  eminently   labile  series  of  local  populations  (PI.  2,  figs.  1-5). 
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Figure  15.  Plot  on  varimax  axes  of  all  samples  of  the  P.  nelsoni  stock.  Numbers  as  in  Figure  14.  Letters  as  follows:  A,  high- 
spired  P.  superior;  B,  intermediate  P.  superior;  C,  low-spired  P.  superior;  D,  high-spired  P.  nelsoni  callosus;  E,  typical  P.  nelsoni 
callosus;  F,  low-spired  P.  nelsoni  callosus;  G,  typical  P.  nelsoni  nelsoni;  H,  intermediate  P.  nelsoni  nelsoni;  I,  low-spired  P. 
nelsoni  nelsoni. 
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Final!}',  "F.  n.  p.tilicJ<i(iiur  j-jrescnts  no 
special  singularities;  its  callus  does  surpass 
the  other  red-soil  P.  nchoni  in  thickness, 
but  the  sharpness  of  its  carina  is  exceeded 
1)\  the  Ireland  Island  specimens,  the  angn- 
laritx'  of  its  apcMture  by  Government 
Quarry  Main  Fissure  shells,  and  \\\c  weak- 
ness of  its  F23  coloration  b\'  the  type 
discokles  and  Go\'ernment  Quarry  Coquina 
Fissure  samples.  To  establish  subspecies 
of  red-soil  P.  nelsoni,  we  would  need  both 
morphologicall)-  discrete  sample  groups 
and  a  geographic  distribution  linking  dis- 
tinct shapes  to  non-overlapping  geographic 
areas.  Neither  of  these  conditions  is  ful- 
filled, and  I  propose  that  P.  n.  discoides, 
P.  n.  conoides,  and  P.  n.  iiidickkma  be 
synonymized  with  Bland's  P.  n.  nclsoni. 

This,  however,  is  not  the  complete  story 
of  red-soil  samples.  Found  with  normal 
P.  nclsoni  shells  in  the  Bird  Fissure  of 
Government  Quarry  is  a  group  of  speci- 
mens whose  clear  morphological  distinction 
is  beyond  doubt.  (The  bimodality  for  size 
at  the  fifth  whorl  is  shown  in  Figure  16.) 
Although  resembling  P.  nelsoni  more  than 
any  other  taxon  of  the  genus,  these  speci- 
mens share  a  large  set  of  non-redundant 
characters  unknown  in  red-soil  P.  nelsoni 
samples — small  final  size  and  small  size 
at  a  whorl,  small  protoconch,  relatively 
high  spire,  high  differential  growth  ratio, 
and  123  coloration  with  sharp  band  mar- 
gins and  no  tendency  for  band  fusion.  This 
sample,  number  20  of  Figures  14-15, 
projects  very  weakl\-  on  the  first  axis  and 
most  strongly  upon  the  second,  which 
serves  as  a  reference  for  small,  high-spired 
shells.  Of  the  various  causes  of  bimodality 
at  a  locality,  sex  can  be  excluded  for  these 
hermaphrodites.  Age  cannot  be  invoked, 
because  the  two  groups  are  distinct  not 
only  at  their  final  sizes  but  also  at  com- 
parable sizes  and  whorl  numbers  ( Figs. 
14-15,  of  course,  treat  all  samples  at  a 
standardized  size).  Post  mortem  transport 
seems  unlikeh-  for  these  exquisitely  pre- 
served specimens.  Moreover,  I  have  never 
seen  evidence  of  extensive  mixing  in  an\ 
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Figure  16.  Histogram  of  size  at  fifth  wfiorl  for  all  P.  (Poe- 
c;/ozon;tes)  found  in  Bird  Fissure,  Government  Quarry. 
Dotted  specimens  are  P.n.   nelsoni,   blank  P.s.  superior. 


of  the  numerous  Shore  Hills  fissure  fills  of 
this  area.    Several  species  may  occur  in  the 
fill,    but    the    shells    of    any    one    always 
possess  the  morphological  coherence  of  a 
single  local  population.    We  seem,  indeed, 
to  be  dealing  here  with  two  distinct  sym- 
patric  taxa,   i.   e.   with   two   species.    This 
conclusion   is   affirmed  by   two   additional 
discoveries.    By  the  summer  of  1967,  Bird 
Fissure  had  been  blasted  away  and  a  new 
one    (or  branch  of  Bird  Fissure)    opened 
nearby.   The  new  fauna  is  identical  to  that 
of    Bird    Fissure — the    cahow    Pteroderma 
caJwiL\    the    distinctive    crane    Baeopteryx 
htipcs,   the   widely   umbilicate   P.    nelsoni, 
and  high  spired  shells  of  the  new  species. 
I   measured    the    ]Drotoconch    width   of   all 
snails;    those    of   P.    nelsoni   and   the   new 
species  are  distinct  at  any  commonly  used 
significance  level  ( t  =  10.69  at  56  degrees 
of  freedom).    Moreover,  a  fissure  on  the 
south  wall  of  nearby   Wilkinson's   Quarry 
locality  34)   contains  fragments  of  P.  nel- 
soni, several  of  the  small  high-spired  snails 
(number  19  of  Figs.  14-15)  and,  again,  the 
crane   B.   kitipes.    These,   in  fact,   are   the 
only  known  occurrences  of  B.  latipes.    The 
fissure    fills    of    the    Walsingham    district 
span  a  glacial  epoch,  but  indi\  idual  fissures 
probably    filled    rather   quickly.     In    these 
three  fissures,  we  seem  to  pick  \\\)  traces 
of  a  unified  fauna  that  inhabited  the  area 
for  a  short  duration  of  the  total  span.    At 
this  time,  two  large  species  of  Poecilozon- 
iles  lived   together  in   the   area.    For  the 
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smaller,  higher-spired  form,  I  propose  the 
name  Poecilozonites  superior  in  reference 
to  the  elevated  spire.  (The  two  species  of 
Bird  Fissure  are  show  n  in  Pi.  2,  figs.  7  and 
8;  formal  descriptions  will  be  fomid  in  the 
first  appendix. ) 

In  conclusion,  two  species  of  large 
Poecilozonites  lived  in  Shore  Hills  red  soils 
( P.  superior  is  unknown  from  the  St. 
George's).  All  names  previously  proposed 
for  red-soil  P.  nelsoni  samples  are  synony- 
mous with  P.  /}.  nelsoni  itself.  Non-morpho- 
logical data  were  needed  to  eliminate 
these  superfluous  subspecies,  for  shells 
shaped  appropriately  for  inclusion  under 
any  one  of  them  do  not  possess  the  geo- 
graphic distribution  required  of  biological 
subspecies.  Likewise,  sympatric  occurrence 
of  P.  nelsoni  and  P.  superior  led  to  their 
definition  as  separate  species.  Thus,  both 
non-morphological  criteria  of  page  460  were 
usd  to  establish  a  classification  sufficiently 
consistent  with  population  structure  to 
permit,  or  at  least  not  to  hamper,  an  evo- 
lutionary interpretation  of  these  taxa. 

3.  The  P.  nelsoni  stock  in  eolianites. 
Shells  from  the  P.  n.  callosus  type  locality, 
a  sand  pit  of  presumed  Harrington-Pem- 
broke age,  are  similar  to  P.  n.  nelsoni  in 
general  shape  (PI.  3,  fig.  2),  but  differ 
from  all  red-soil  samples  in  several  ways: 
they  are  smaller  in  maximum  size  and 
smaller  at  standardized  sizes  ( from  proto- 
conch  width  to  size  at  the  seventh  whorl); 
the  shell  is  thickened  (leading  to  a  re- 
stricted umbilicus)  with  a  strong  callus 
on  the  parietal  portion  of  the  aperture;  the 
color  pattern  is,  invariably,  023.  A  number 
of  other  Harrington-Pembroke  samples 
share  this  set  of  features  (numbers  12-18 
of  figs.  14-15 ) ,  though  each  has  distinguish- 
ing characters  that  render  it  unique: 
the  North  Shore  Road  sample  (No.  12) 
is  larger-at-a-whorl  than  all  others  and 
therefore  projects  most  strongly  upon  axis 
1,  which  serves  as  a  reference  for  large, 
red-soil     P.     nelsoni.    The     samples    from 


Sayles's  type  locality  of  the  Harrington 
Formation'  (numbers  14  and  17,  and  PI. 
3,  fig.  1 )  surpass  the  others  in  relative 
height  and  project  strongly  upon  axis  2 
(the  reference  for  high-spired  Shore-Hills 
P.  superior).  The  low-spired  St.  David's 
Island  shells  (number  18  and  PI.  3,  fig.  3) 
are  remarkably  thick  and  heavily  callused 
(and  have  a  wide  umbilicus  despite  the 
usual  negative  correlation  of  shell  thick- 
ness and  umbilical  width).  Thus,  the 
validity  of  Gulick's  P.  nelsoni  callosus 
is  affirmed,  not  from  its  morphological 
uniqueness  alone,  but  because  it,  unlike 
the  rejected  subspecies  of  Gulick,  Verrill 
and  Pilsbry,  occupies  a  distinct  spatio- 
temporal  segment  of  the  species  range. 

The  Harrington-Pembroke  formations 
contain  yet  another  group  of  samples. 
These  (numbers  21-24  of  Figs.  14-15)  are 
high  spired,  lack  a  strong  callus  (despite 
shell  thickness  equal  to  that  of  P.  n.  cal- 
losus) and,  especially,  exhibit  color  pat- 
terns 103  or  12"3  (band  2  is  always  well 
developed  in  P.  n.  callosus,  band  1  always 
absent).  Although  they  have  never  been 
found  together  in  the  same  outcrop,  the 
range  of  these  samples  is  coextensive  with 
that  of  P.  }}.  callosus.  This  implication  of 
sympatry  and  tendency  toward  high  spires 
suggests  that  these  samples  are  a  sub- 
species of  P.  .superior,  here  named  P. 
■superior  arenicolus  in  reference  to  its  dune 
habitat  (Pi.  3,  figs.  4  and  5). 

When  all  samples  of  the  P.  nelsoni  stock 
are  considered,  we  can  delimit  three  major 
morphologies:  the  large,  thinly  callused, 
relatively  low-spired  P.  n.  nelsoni;  the 
small,  thickly  callused,  relatively  low-spired 


^  I  collected  miinber  14  at  Sayles  type  Har- 
rington, l)nt  fonnd  nnmlier  17  in  the  Sayles 
collection  at  Antiocli  College,  labelled  simply 
"Soutli  Shore  Harrington  Sound" — an  area 
inchiding  tlie  type  Harrington  but  not  excluding 
other  exposures.  That  tlie  two  are  drawn  from 
the  same  local  population  ( and  prolial^ly  come 
from  the  same  exposure )  is  indicated  l:)y  their 
close  similarity  as  measured  liy  all  variables.  Tliey 
appear  closely  together  on  all  \arimax  plots. 
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r.  n.  callosti.s:  and  the  .small,  thinly  cal- 
liisrd.  it'lati\c'l\  high-spircxl  /'.  s-iipeiior 
superior  and  P.  s.  arcnicolu.s.  The  first 
three  \'arima\  axes  (94.0  per  cent  of  the 
total  information)  encompass  these  three 
trends  in  form.  P.  n.  iiclsoni  samples  sort 
with  the  first  axis,  the  largest  and  lowest 
spired  samples  doing  so  most  strongly.  The 
second  axis  is  a  reference  for  P.  superior; 
the  highest  projection  on  this  axis  is  that 
of  the  smallest  and  highest-spired  sample, 
the  Bird  Fissure  P.  s.  superior.  Grouping 
with  the  third  axis  (Fig.  15)  are  shells  of 
P.  n.  callosus;  the  St.  Da\id's  Island  sample, 
smallest,  lowest-spired,  and  most  strongly 
callused  of  P.  n.  caUosus  samples,  projects 
most  strongh"  on  this  axis.  When  each 
sample  is  grouped  with  the  oblique  axis 
upon  which  it  projects  most  strongly 
(Table  10),  virtually  complete  discrimi- 
nation of  the  taxa  is  obtained.  Of  24 
samples,  only  one  is  misallocated;  the 
Trunk  Island  sample  of  P.  s.  arenicolus 
(number  22  of  Figs.  14  and  15),  lowest 
spired  of  its  species,  groups  with  the  P.  n. 
caUosus  samples. 

Of  course,  each  taxon  must  be  seen  not 
as  if  glued  to  a  set  of  distinctive  characters, 
but  rather  as  operating  in  a  reaction  range 
that  does  not  include  the  total  form  spec- 
trum of  the  entire  stock.  Overlap  \\'ill  occur 
where  the  ranges  intersect.  Were  it  not 
for  differences  in  color  and  callus,  the 
lowest-spired  P.  s.  arenicolus  (number  22) 
might  not  be  distinguished  from  the  high- 
est-spired sample  of  P.  n.  caUosus  (num- 
bers 14  and  17).  One  genetic  difference 
between  P.  nelsoni  and  P.  superior  lies, 
presumably,  in  the  ability  of  the  former 
species  to  produce  a  callus.  Tliis  potential 
is  translated  to  moqohology  in  eolianite 
environments  (carbonate  dunes),  where 
lime  sufficient  for  its  production  is  avail- 
able. Samples  of  the  two  species  in  this 
environment  can  be  distinguished  thereb\'. 
In  calcium-poor  red  soils,  the  potential  re- 
mains that  alone  and,  in  the  further  absence 
of  firm  color  distinctions,  allocation  of  a 
sample  to  its  proper  species  is  difficult  in 


Table  10.     Oblique  projection-  matrix  for  all 

SAMPLES  OF  THE  P.  NELSONI  COMPLEX.  The  fol- 
lowing identifying  information  is  given  for  each 
sample:  tri\ial  name  of  the  snlispecies,  locality 
number  and  age  ( SH  =  Shore  Hills,  HP  =  Har- 
rington-Pembroke, SG  =  St.  George's). 


Sample 

Axis   1 

Axis   2 

Axis   3 

nelsoni 

18 

SG 

1.000 

0.000 

0.000 

nelsoni 

65 

SH 

0.969 

0.0.50 

0.033 

nelsoni 

P2 

SH 

0.946 

-0.068 

0.114 

nelsoni 

68 

SG 

0.921 

0.199 

-0.018 

nelsoni 

30 

SH 

0.853 

0.263 

0.008 

nelsoni 

5B 

SH 

0.796 

0.506 

-0.172 

nelsoni 

97 

SH 

0.785 

-0.083 

0.312 

>ielsoni 

89 

SH 

0.779 

0.366 

0.004 

nelsoni 

P9 

SH 

0.770 

0.283 

0.094 

nelsoni 

5M 

SH 

0.682 

0.244 

0.234 

nelsoni 

5C 

SH 

0.599 

0.332 

0.246 

superior 

5B 

SH 

0.000 

1.000 

0.000 

arenicolus 

p 

HP 

0.090 

0.970 

-0.019 

superior 

34 

SH 

0.348 

0.888 

-0.173 

arenicolus 

11 

HP 

0.200 

0.737 

0.237 

arenicolus 

63 

HP 

0.007 

0.730 

0.422 

callosus 

84 

HP 

0.000 

0.000 

1.000 

callosus 

45 

HP 

-0.137 

0.406 

0.896 

callosus 

86 

HP 

0.182 

0.077 

0.861 

callosus 

?45 

HP 

-0.149 

0..546 

0.766 

callosus 

30 

HP 

0.242 

0.277 

0.678 

arenicolus 

100 

HP 

0.055 

0.474 

0.657 

callosus 

95 

HP 

0.462 

0.139 

0.559 

callosus 

P8 

HP 

0.270 

0..382 

0.518 

certain  cases.  I  have  found  no  way  to  tell, 
for  example,  whether  the  single  magnificent 
specimen  from  a  small  fissure  on  Harring- 
ton Sound  Road  ( Fl.  2,  fig.  5 )  is  an  ex- 
ceptionally high-spired  P.  n.  nelsoni  or  a 
large  P.  s.  superior. 

C)  Mode  and  Significance  of  Temporal 
Changes  in  Morphology 

The  most  satisfying  aspect  of  observed 
morphological  differences  between  red-soil 
and  eolianite  samples  is  the  availability  of 
a  reasonable  adaptive  explanation.  Such 
explanation  is  particularly  welcome  in 
pulmonates,  since  it  has  been  claimed  so 
often    that   patterns   in    diversity   bear   no 
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relationship  to  environment  in  this  group. ^ 
The  three  features  whieh  distinguish  virtu- 
ally all  eolianite  samples  from  all  red-soil 
shells  are  the  smaller  size  (absolutely  and 
at  a  whorl),  the  thieker  shell,  and  the 
weaker  coloration  ( 023,  103  or  12"3  with  a 
tendenc)'  for  narrower  bands  of  lighter 
color — this  lightness,  however,  may  be  a 
preservation  artifact — compared  with  the 
generalh'  wide  and  dark  bands  of  the  red- 
soil  12.3  pattern).  (The  fourth  feature,  a 
narrower  umbilicus,  is  a  consequence  of  re- 
striction b>-  shell  thickening  in  P.  n.  callosus 
or  by  thickening  and  increasing  relative 
height  in  P.  s.  arenicolus.) 

The  relationship  of  size  and  environment 
is  obscure,  though  Rensch  ( 1932 )  has  sug- 
gested that  the  absence  of  dry  spells 
produces  larger  shells  by  reducing  the  per- 
centage of  lifetime  spent  in  estivation. 
Bermuda  was  wetter  during  glacial  (red- 
soil  )  periods  ( see  Chapter  9 ) .  The  weaker 
coloration  can  be  explained  in  two  ways. 
Rensch  ( 1932 )  found  a  strong  positive 
correlation  between  increasing  mean  in- 
tensity of  solar  illumination  and  weaker 
coloration;  the  whiter  the  outer  shell  layer, 
the  more  reflective  of  light.  The  white 
dunes  must  have  received  more  illumi- 
nation than  thickly  vegetated  soils  of  the 
wetter  glacial  periods.  Alternately,  the 
weak  coloration  of  eolianite  snails  may 
have  been  cryptic.  I  suspect  that  the  white 
dunes  were  sparsely  vegetated,  as  are  the 
modern  dunes  of  Elbow  Beach  and  Tuckers- 
town.  The  red  soils  were  not  onl\'  deeph" 
colored  in  themselves,  but  also  mantled  in 
vegetation  if  today's  situation  is  repre- 
sentative (Bermuda's  agriculture  is  cen- 
tered on  exposures  of  the  fossil  red  soils ) . 

Differences   in   shell   thickness   are  most 


^  Tliis  debate  is  discussed  in  Chapter  9  wliieh 
treats,  in  much  greater  detail,  the  whole  question 
of  climate  and  e\olution  in  land  snails.  This 
chapter  should  be  consulted  for  the  documenta- 
tion of  statements  cited  here  without  evidence, 
e.g.  of  tlie  contention  that  shell  thickness  is 
related  to  the  a\ailal)ility  of  calcium  carl^onate 
in  the  environment. 


easily  explained.  It  has  been  shown  again 
and  again  (see  Chapter  9)  that  land  snails 
extract  lime  for  their  shells  from  the  rocks 
upon  which  they  live  (viz.  the  abundance 
of  pulmonates  on  many  limestone  out- 
crops ) .  Normally  thick-shelled  species  pro- 
duce paper  thin  shells  ( if  they  survive  at 
all )  when  deprived  of  calcium  carbonate 
(Oldham,  1934.  Rensch,  1932).  The  eoHan- 
ites  are  all  carbonate,  while  CaCOa  con- 
stitutes less  than  2  per  cent  of  some  red 
soils  (Ruhe,  et  al..  1961).  Shell  thickening 
and  loss  of  color  are  attained  in  two  dif- 
ferent ways  in  two  independent  taxa.  Such 
multiple  solutions  may  be  taken  to  indicate 
the  adaptive  necessity  of  these  modifi- 
cations. 

One  final  question  must  be  posed:  Did 
the  eolianite  subspecies  evolve  directly 
from  Shore  Hills  progenitors  (and  then 
back  again  to  produce  the  St.  George's 
P.  n.  nclsoni — see  Henningsmoen,  1964, 
on  zigzag  evolution),  or  did  two  subspecies 
of  each  species  persist  in  different  areas 
and  environments  from,  at  least,  Shore 
Hills  through  Pembroke  time.  As  is  usual 
in  paleontology,  the  literal  interpretation 
of  zigzag  evolution  is  less  likely.  The  two 
subspecies  of  each  species  are  distinguished 
by  a  large  set  of  characters,  not  all  of 
which  can  be  presently  seen  as  subject  to 
precise  and  necessary  expression  in  given 
environments.  Thus,  \\'e  ^^'Ould  expect  a 
St.  George's  derivate  of  P.  ;k  callosus  to 
reacquire  the  thin  shell  and  strong  color- 
ation of  the  Shore  Hills  P.  n.  nclsoni,  but 
we  would  not  anticipate  so  precise  a  return 
to  previous  moiphologies.  This,  however, 
is  not  the  strongest  argument. 

Bermudian  stratigraphy  is  a  complex  of 
facies,  not  a  layer  cake.  Throughout  the 
Pleistocene,  dunes  formed  at  the  periphery 
of  the  islands  and  became  cemented  before 
they  could  migrate  inland  (Bretz,  1960; 
Land,  Nhickenzie,  and  Gould,  1967);  red 
soils  formed  in  sheltered  central  parts. 
During  glacial  times,  the  island  periphery 
stood  several  miles  out  and  a  few  hundred 
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feet  below  present  sea  level.  Of  dunes 
formed  in  glacial  times,  onl\-  North  Rock, 
a  small  pinnacle  ten  miles  off  Bermuda's 
north  shore,  remains  awash.  .\  \frtical 
sequence  of  red  soil-eolianite-red  soil  there- 
fore reflects  the  migration  of  enxironments 
in  response  to  shifts  in  sea  le\el.  The 
corresponding  faunal  secjuence,  P.  n.  ncl- 
soiii-P.  II.  c(iUo.su.s-P.  >\.  iiclsoni  need  not 
represent  evolution  //;  .s;7(/  but  is.  more 
likel\-,  the  fragmentar\'  record  at  one  point 
in  space  of  the  fact  that  two  subspecies, 
each  tied  to  a  particular  environment 
(hence  to  a  particular  geographic  domain), 
li\ed  through  the  time  of  the  entire  sedi- 
mentary sequence.  (This  possibility,  b\' 
the  wa\-.  was  the  basis  of  Newell's  argu- 
ment that  the  "chronological  subspecies' 
is  not  necessarily  an  artifact  of  convenience 
having  no  relation  to  its  biological  counter- 
part of  local  races  occupying  a  geographic 
subsection  of  the  species  range — Newell, 
1947).  The  first  possibility,  zigzag  evolu- 
tion, carries  the  implication  that  a  given 
environment  elicits  a  definite  morpho- 
logical response  (which  may  be  phenotypic 
only)  in  all  cases.  The  second,  that  of 
well-defined,  long-ranging  subspecies,  sug- 
gests that  each  subspecies  is  a  distinct 
genetic  entity  (still  capable  of  interbreed- 
ing with  others,  of  course).  Hence,  even 
if  an  occasional  local  population  survives 
in  the  "alien"  en\ironment,  it  w ill  not  alter 
in  form  to  identity  with  the  usual  sub- 
species of  that  environment,  but  will 
retain  enough  of  its  features  to  be  recog- 
nizable. I  find  it  a  most  convincing  test  of 
this  second  possibility  that  such  local 
populations  have  twice  been  found  in  Ber- 
muda: 

1.  In  an  eolianite  of  Harrington  age  ex- 
posed on  South  Shore  Road  at  Saucos  Hill 
( locality  64 ) :  a  few  specimens  clearly 
assignable  to  P.  n.  nchoni  (large  proto- 
conch,  strong  123  coloration — see  matri.x 
of  means  in  appendix ) .  The  t\\'o  preser\ed 
calluses  are  thicker  than  those  of  any  other 
P.  n.  nehoni.  Shell  thickness,  if  a  simple 
function   of   the   availabilitv   of   lime,   will 


alter  in  immediate  phenotypic  response  to 
this  factor. 

2.  In  the  Shore  Hills  soil  at  Ferry  Road, 
north  of  the  Biostation  locality  11:  four 
shells  which,  in  their  high  spire  and  12"3 
coloration  with  sharp  band  margins,  possess 
the  distinguishing  characters  of  P.  s.  arcni- 
colu.s.  These  are,  howexer,  thin-shelled, 
demonstrating  once  again  the  response  of 
shell  thickness  to  environment  of  dep- 
osition. 

T  conclude  that  the  P.  nehoni  stock,  as 
known  today,  consists  of  two  closely-re- 
lated species;  each  of  these  is,  in  turn, 
dixisiblc  into  two  subspecies,  one  adapted 
to  red  soils,  the  other  to  eolianites.  These 
two  environments  persisted  throughout  the 
Bermudian  Pleistocene,  migrating  back 
and  forth  across  the  platform  in  response 
to  fluctuating  sea  levels  of  the  ice  age.  The 
subspecies  migrated  with  the  environments 
and  a  vertical  sequence,  though  giving  the 
appearance  of  zigzag  e\-olution,  merely  re- 
flects the  view  of  a  static  observer  who 
spent  the  Pleistocene  watching  the  march 
of  environments  at  his  single  station. 

VIII.    PHYLETIC   BRANCHING   IN  THE   P. 
BERMUDENSIS  lONATUS  STOCK 

A)   Introduction 

Of  the  four  species  of  P.  (Poecilo- 
zonites),  P.  hcrmudensis  is  most  abundant 
b\-  far  as  a  fossil;  shells  are  plentiful  and 
well  preserved  in  all  post-Bel mont  for- 
mations. In  addition,  P.  hcnnitdcn.sis  her- 
mudensis  is  the  onlv  living  representative 
of  the  subgenus.  The  high  precision  of 
temporal  and  geographic  control  and  the 
existence  of  a  living  form  combine  to  make 
this  species  a  particularh  favorable  object 
of  evolutionary  investigation.  During  the 
last  300.000  years,  the  central  stock  of  the 
species,  P.  hermudensis  zonatus  Verrill 
1902,  has  branched  at  least  four  times  and 
has  itself  undergone  fluctuating  alterations 
of  morpholog)-  that  correlate  with  ice  age 
climatic  oscillations.  Illustrated  here  are 
the  two  major  evolutionary  events  of  phy- 
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logeny:  speciation  or  the  multiplication 
of  lineages  and  ]Dhyletic  evolution  or  the 
transfomiation  of  lineages.  In  our  micro- 
cosm, branches  may  not  reach  the  specific 
level  of  distinction,  and  patterns  of  trans- 
fomiation may  involve  phenotypic  modi- 
fication with  little  genetic  basis;  yet  the 
two  modes  are  illustrated,  even  if  in 
miniature.  Branching  of  the  P.  ])ennuden- 
sis  zonottis  stock  will  be  considered  in 
this  chapter,  its  phyletic  transformations  in 
the  next. 

Diversity  of  form  and  color  among 
samples  of  P.  hcrmudensis  is  far  less  pro- 
nounced than  in  P.  cupula.  Whereas  a 
single  well-preserved  P.  cupula  shell  can 
be  identified  unambiguously  as  belonging 
to  one  of  its  13  local  populations,  local 
distinction  of  P.  hcrmudensis  is  not  nearly 
so  strong;  if  given  a  single  P.  hcrmudensis 
zonatus  shell,  I  can  distinguish  onl\-  be- 
tween Shore  Hills  and  later  specimens  and 
between  eastern  and  western  Bennuda. 
An  interesting  question,  and  one  which 
will  probablv  never  be  answered,  concerns 
the  cause  of  this  difference  in  variability. 
Is  it  a  taxonomic  artifact?  (Are  the  P. 
cupula  subspecies  really  species?  Is  P. 
hcrmudensis  merely  a  spectacularly  suc- 
cessful side  branch  of  the  P.  cupula  stock, 
ranking  wath  the  P.  cupula  subspecies  in 
genetic  distinctness  but  given  specific 
status  because  of  its  abundance?).  Or 
does  it  reflect  something  more  fundamental 
about  the  genetic  background  and  habitat 
preferences  of  P.  hermudensis? 

The  lowered  variability  of  form  is 
matched  by  the  stability  of  color  pattern. 
Only  two  color  types  ( and  their  extensive 
sets  of  subtv'pes)  are  known  in  P.  her- 
mtidensis,  but  the  geographic  distribution 
of  these  types  is  a  fundamental  datum. 
East  of  a  line  passing  through  Devonshire 
Marsh  on  the  north  (locality  P7)  and 
Cox's  Bay  (just  west  of  locality  47)  on 
the  south,  all  fossil  P.  hermudensis  samples 
exhibit  band  pattern  123;  023  occurs  west 
of  this  line  (Pi.  1,  figs.  6-7).  The  margins 
of  band  2  are  sharp  in  the  western  forms, 


diffus<^^  in  eastern  samples.  \\\\\\  the  ex- 
ception of  a  single  intermediate  sample 
found  b\-  Haycock  in  Devonshire  Marsh,^ 
the  distinction  is  as  clear  near  the  area 
of  potential  contact  as  at  opposite  ends 
of  the  island.  I  assume  that  genetic  ex- 
change between  eastern  and  western  snails 
was  eliminated  or  greatly  curtailed  during 
the  whole  Shore  Hills-Southampton  in- 
terval and  that  P.  hermudensis  zonatus 
was  evolving  as  two  parallel  stocks  during 
that  time.  At  some  time  after  the  end  of 
Southampton  deposition,  P.  hermudensis 
zonatus  became  extinct.  Its  primary  range 
on  the  main  island  was  quickly  repopulated 
by  P.  hermudensis  hermudensis,  which  had 
been  evolving  in  isolation  on  St.  George's 
Island  since  St.  George's  time;-  the  color 
pattern  of  all  modern  snails  is  therefore 
123. 

Another  variation  in  color  pattern  is 
unique  to  P.  hermudensis.  In  all  post- 
Shore  Hills  samples  of  P.  hermudensis 
zonatus  from  eastern  Bermuda,  a  number 
of  large  shells  (from  5  per  cent  to  80  per 
cent  of  the  total  collection)  develop  ap- 
parently normal  bands,  which  are  replaced 
during  ontogeny  b\'  diffuse  lines  of  color 
at  the  previous  band  peripheries  (PI.  5, 
fig.  5).  The  time  of  onset  of  this  phenom- 
enon, which  I  shall  call  "faded,"  \'aries  but 


^  Haycock  collection,  Bermuda  Museum.  I  can- 
not exclude  the  possiliility  tliat  this  sample  is 
mixed  or  mislalielled.  The  locality-  is  now  a 
garl)age  dump. 

-  This  extinction,  completely  undocumented  in 
the  preser\ed  record,  is  itself  one  of  the  most 
fascinating  e\ents  in  the  history  of  P.  hermuden- 
sis. Since  it  occurred  after  the  latest  deposition 
of  Southampton  dunes,  the  extinction  is  a  \ery 
recent  e\"ent,  probably  attributable  to  human 
disruption  of  the  native  biota.  Isolated  on  St. 
George's  Island,  P.  hermudensis  hermudensis  sur- 
\i\ed  the  plagues  of  rats,  pigs,  and  snails  that 
ravaged  Bermuda  during  tlie  early  settlements 
( see  Chapter  2 )  and  later  repopulated  the  whole 
island  complex.  That  a  few  hundred  years  is 
adequate  time  for  such  a  colonization  ( especially 
with  the  aid  of  Innnan  ferrying)  is  indicated  by 
the  work  of  Crampton  (1916^  1925,  1932)  on 
rapid  migrations  in  Partula. 
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usually  occurs  bet\\'een  the  fourth  aud  fifth 
whorl.  Tu  samples  from  wcstcru  Bermuda, 
the  "faded"  characteristic  is  either  abseut 
or  present  at  low  frequency  (invariably 
less  than  10  per  cent). 

B)    The  Branching  Occurs  by 
Paedomorphosis 

The  exception  to  the  statement  that  P. 
bermuclcnsis  displa>s  little  diversity  is 
provided  b\-  a  group  of  samples  which 
share  common  attributes  not  occurring  in 
P.  hcrmndensis  zonafus.  These  samples 
occur  in  four  discontinuous  segments  of 
the  space-time  framework:^ 

1.  In  the  Shore  Hills  Soil  exposed  in 
caves  north  of  Tom  Moore's  Tavern  (lo- 
calitv  53),  P.  /;.  fasoiti  new  subsp.  (Pi.  4. 
Hg.  3). 

2.  In  the  Harrington  Formation  at  two 
localities  on  the  southern  tip  of  Ireland 
Island  (localitv  10),  P.  J),  siegmundi  new 
subsp.   (PI.  4,  fig.  4). 

3.  In  the  Harrington  and  lowest  Pem- 
liroke  Formations  at  Rocky  Bay  (locality 
44),  P.  b.  sieglindae  new  subsp.  (Pi.  4, 
fig.  5). 

4.  In  the  St.  George's  and  Southampton 
Formations  on  St.  George's  Island,  spread- 
ing to  the  main  island  after  the  extinction 
of  P.  berinudcnsis  zonatiis  in  recent  time 
(localities  11,  12,  15,  16,  19,  21,  24,  27  for 
St.  George's  and  Southampton  fossils  and 
78,  79,  80,  81,  82,  83,  88  for  living  popu- 
lations), P.  b.  bermudcnsifi  (Pfeiffer)  (Pi. 
5,  fig.  6). 

These  samples  are  distinct  from  P.  bcr- 
inuden.sis  zonatus  in  the  following  ways 
(non-standardized  measures  considered  at 
height  +  width  =  30  mm  in  all  subspecies; 
see  matrix  of  means.  Appendix  3,  for 
numerical  comparisons  and  PL  4  for  photo- 
graphs ) : 

1.  Color  is  considerably  less  intense.  This 
effect  is  most  pronounced  in  P.  b.  fasoiti 

^  Although  the  justification  for  separate  sub- 
specific  status  will  be  presented  in  section  C,  the 
names  are  introduced  here  to  facilitate  referencing 
in  discussion. 


and  St.  George's-Southampton  samples  of 
P.  b.  Iximtidrusis.  In  shells  of  these  popu- 
lations, (lames  are  in\ariably  present  in 
band  positions  1  and  2;  even  band  3,  which 
always  forms  1)\  the  third  whorl  in  P.  b. 
zonatus,  may  be  unde\('loped,  its  area 
occui)i('(l  by  closely  spaced  flames. 

2.  The  shell  is  relatively  much  thinner. 

3.  The  parietal  callus  is  completely 
absent  (P.  /;.  fasoiti,  P.  b.  bermudensis)  or 
\er\-  weakly  developed  (P.  /;.  siegmundi, 
P.  1).  sieglindae). 

4.  The  spire  is  relatively  lower;  a  larger 
percentage  of  the  total  height  is  accounted 
for  by  apertural  height. 

5.  The  shell  is  relatively  wider. 

6.  The  differential  gro\\'th  ratio  is  lower. 

7.  The  aperture  is  relatively  wider. 

8.  The  umbilicus  is  wider. 

9.  The  cross-sectional  profile  of  the  dome 
is  smoother. 

10.  The  lowest  point  of  the  subperipheral 
portion  of  the  outer  apertural  lip  is  closer  to 
the  umbilicus. 

A  comparison  of  this  list  with  the  tabu- 
lation of  allometric  trends  in  ontogeny 
(Chapter  4)  demonstrates  that,  for  eight 
of  ten  points,  these  samples  possess  at 
large  sizes  features  which  characterize 
earlier  ontogenetic  stages  of  P.  bermudensis 
zonatus.  Tlie  two  exceptions  are  readily 
resolved  into  the  general  interpretation. 

a)  After  reaching  an  early  maximum, 
umbilical  width  remains  constant  during 
ontogen\-.  Umbilical  \\idth  is  a  mechanical 
correlate  of  relatixe  shell  width  at  the 
point  in  growth  at  which  umbilical  width 
becomes  maximal.  The  differential  growth 
ratio,  although  lowered  in  these  samples, 
is  still  considerabh-  greater  than  1,  and 
relative  height  of  the  post-embryonic  spire 
increases  continually  during  growth.  Since 
relative  height  at  30  mm  is  a  good  deal 
less  in  these  samples  than  in  P.  bermuden- 
sis zonatus,  relative  width  at  the  point  of 
maximal  umbilical  width  will  likewise  be 
greater  than  relative  \\idth  at  the  cor- 
responding point  in  P.  bermudensis  zonatus. 
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Hence,  the  umbilicus  of  these  samples  will 
be  absolutely  wider. 

b)  The  differential  growth  ratio  is  con- 
stant during  the  growth  of  an  individual. 
The  power  function  applies  from  the  ter- 
mination of  whorl  2  to  the  end  of  growth. 
From  hatching  to  the  end  of  whorl  2, 
growth  in  relative  width  is  remarkably 
rapid,  transforming  the  quadrate  proto- 
conch  (PI.  3,  fig.  6)  into  a  disk-like  juve- 
nile. The  differential  growth  ratio  is  low 
at  first,  increasing  gradually  until  its  value 
becomes  stabilized.  Lowered  differential 
gro\\'th  ratio  can  be  interpreted  as  a  reten- 
tion of  juvenile  growth  rates. 

The  mere  enumeration  of  a  list  of  dif- 
ferences is  worth  little  without  an  assess- 
ment of  redundancy  among  its  items,  for  all 
entries  in  an  impressive  tabulation  may 
measure  a  single  dimension  of  variation. 

Not  all  the  10  components  of  the  fore- 
going list  are  independent.  The  low  spire 
is  p)roduced  by  a  low  differential  growth 
ratio  and  implies,  in  turn,  a  relatively  wide 
aperture.  A  shell  with  a  low  spire  and 
relatively  wide  aperture  will  be  relatively 
wide  in  general,  from  which  the  production 
of  an  absolutely  wide  umbilicus  can  be 
inferred.  Items  4  through  8  measure  only 
one  aspect  of  variation.  When  the  re- 
dundancies are  eliminated,  however,  there 
remain  at  least  four  groups  of  variables 
which,  in  8-axis  oblique  factor  solutions 
(see  Chapter  5),  generally  sort  separately. 
These  are: 

a )  measures  of  color  ( item  1 ) 

b)  the  callus   (item  3) 

c)  measures  of  form  ratio  (items  4-8) 

d)  conformation  of  the  subperipheral 
portion  of  the  outer  apertural  lip  ( item  10 ) . 

To  say  that  there  are  at  least  four  sepa- 
rate dimensions  of  variation  in  the  list  is 
not  to  assert  that  the  four  are  unrelated. 
All  are  linked  in  ontogeny,  since  small 
shells  of  P.  b.  zonatus  are  weakly  colored, 
lack  a  callus,  are  relatively  wide,  and  have 
the  lowest  portion  of  the  outer  apertural 
lip  at  the  umbilical  border  (PI.  4,  fig.  2). 


It  is  certainly  a  significant  datum  that  a 
group  of  traits  \\hich  normally  occur  to- 
gether in  juvenile  shells  of  an  ancestor 
maintain  their  association  and  reach  the 
same  values  at  maximal  sizes  in  descend- 
ants. This  can  be  interpreted  in  only  one 
way — the  subspecies  are  paedomorphic 
branches  of  the  central  stock,  P.  her- 
miidensis  zonatus.  Every  characteristic 
ontogenetic  feature  developed  at  or  after 
the  fifth  whorl  in  these  subspecies  is  at- 
tained by  whorl  .'3-4  in  P.  bennudensis 
zonatus. 

Two  objections  often  raised  to  hypotheses 
of  paedomorphosis  are  either  invalid  or  in- 
applicable to  this  case: 

a)  Paedomorphosis  has  been  proposed 
to  explain  the  presence  in  adult  descend- 
ants of  one  or  a  small  group  of  features 
that  typify  earlier  stages  of  ancestral  ontog- 
eny. That  the  hair  distribution  of  human 
adults  is  similar  to  that  of  fetal  chimpan- 
zees need  not  imply  that  hair  loss  in  human 
evolution  occurred  hx  embryonic  retention, 
but  rather  that  less  hairy  individuals  were 
selected  from  the  static  spectrum  of  vari- 
ation at  adult  sizes.  This  will  not  apply 
to  the  large  specimens  of  these  paedo- 
morphic subspecies,  which  are  scaled-up 
replicas  of  earlier  stages  in  the  ontogeny 
of  P.  bennudensis  zonatus  (Pi.  4,  fig.  2  and 
figs.  3-6).  Whereas  the  similarity  in  shape 
between  a  single  trait  of  a  young  ancestor 
and  adult  descendant  can  easily  be  at- 
tributed to  coincidence,  the  probability 
that  such  an  explanation  could  apply  to 
every  measurable  feature  of  ontogeny  is 
effectively  nil. 

b)  By  a  curious  non  sequitur,  the  cita- 
tion of  adaptive  significance  for  an  evo- 
lutionary change  has  been  judged  a  denial 
of  paedomorphosis  as  the  mode  of  alter- 
ation. Paedomoi-phosis,  is,  in  de  Beer's 
phrase  (1958:  36),  a  "morphological  mode" 
by  which  selection  can  operate  to  produce 
adaptive  adult  configurations.  If  a  thin 
shell,  weak  coloration,  relatively  wide  shell, 
or  any  combination  of  these  was  favored 
by  selection,  paedomorphosis  is  one  mode 
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among  man\'  b\-  ^\^lic•ll   the   change  could 
lia\e  been  effcctecl. 

C)    Paedomorphosis  Occurred  at  Least 
Four  Times 

The  proposition  tliat  two  taxa,  one  a 
pacdoincMphic  derivative  of  the  other, 
inlialiited  Bermuda  during  the  Shore 
Hills-Southampton  interxal  is  the  simplest 
ph\  Ictic  interpretation  that  can  be  given  to 
the  distribution  of  paedomorphic  samples; 
this  interpretation  is  implicit  in  earlier 
work.  Gulick  (1904)  and  Verrill  (1905) 
realized  that  fossil  and  modern  P.  hcr- 
mudcnsis  were  distinguishable,  and  as- 
sumed a  simple  unilinear  deri\ation.  since 
they  did  not  find  paedomorphic  fossils. 
Gulick  even  recognized,  for  the  wrong 
reasons,  that  modern  shells  resembled 
earlier  ontogenetic  stages  of  fossil  forms: 
"Thus  in  their  smaller  nmnber  of  whorls 
[this  is  not  true],  their  less  rounded  con- 
tour [by  which  he  means  less  strongly 
domed,  not  rougher  in  cross-sectional  out- 
line], and  their  [relatively]  larger  umbiH- 
cus,  the  present  snails  seem  like  an 
undeveloped  or  degenerate  race  of  the 
fornier  species"  (Gulick,  1904:  419).  As 
paedomoqihic  fossils  were  discovered,  the 
notion  that  two  closely  related  species 
persisted  throughout  the  preserved  Pleisto- 
cene sequence  gained  favor:  Peile  (1926) 
listed  P.  zonatus  and  P.  bermiidcnsis  in  his 
synopsis  of  the  subgenus. 

I  found  a  more  complex  story,  involving 
an  unusually  literal  interpretation  of 
paleontological  data.  Each  of  the  four 
discontinuous  occurrences  represents  an 
independent  episode  of  paedomorphosis. 
Evidence  for  separate  origins  will  be  pre- 
sented with  reference  to  Figures  17-19, 
Q-mode  plots  for  all  measured  samples  of 
P.  bermudcnsls.  Numbers  on  these  plots 
correspond  to  the  following  samples: 

a)  Shore  Hills  non-paedomorphs:  01,  02. 
02,  04 

b)  Shore  Hills  paedomorph  (P.  /;. 
fasolti ) :  05 


c)  Harrington  non-paedomorphs:  06,  07, 
08.  09,  10 

d)  Harrington  paedomorphs  (P.  /;.  .v/eg- 
lindac,  P.  h.  sie<i.mundi):   12,  13 

e)  Pembroke  non-paedomorphs:  11,  14, 
15,  16 

f)  Pembroke  paedomorph  (P.  h.  sieg- 
iindac):   17 

g)  St.  George's  non-paedomorphs:  IS, 
19,  20,  21,  22 

h)  St.  George's  paedomorph  (P.  /;.  her- 
nnidensis):  23 

i)  Southampton  non-paedomorphs:  24, 
25,  26,  27 

I)  Southampton  paedomorphs  (P.  /;.  her- 
miidemis):  28,  29,  30 

k)  Recent  paedomorphs  (P.  h.  beiniu- 
densis):  31,  32,  33,  34,  35,  36. 

The  Shore  Hills  paedomorph  shares  with 
other  samples  of  its  geologic  fonnation 
those  unique  morphological  features  that 
separate  these  oldest  P.  hcrmuden.sis 
samples  from  all  others.  Shore  Hills  shells 
are  distinguished  b\  their  small  size  at  a 
whorl.  ^  their  remarkably  flattened  apex 
(measured  by  the  initial  fonn  index),  and 
low  \alues  of  the  lower  eccentricity  (Table 
11  and  Chapter  4  for  definition  of  mea- 
sures). Other  morphological  consequences 
ensue:  the  flat  apex  produces  a  low  spire, 
a  relatively  wide  shell,  and  a  wide  um- 
bilicus. Shore  Hills  samples  of  P.  h.  zonafus 
are  maximal  among  non-paedomoqihs  in 
umbilical  widths;  P.  b.  fasulti  exceeds  all 
other  paedomorphs  in  this  measure.  Shore 
Hills  P.  /;.  zonatus  are  relatively  widest 
among  non-paedomorphs  at  the  fifth  whorl; 
P.  b.  fasoJti  surpasses  all  other  paedo- 
morphs in  relative  width.  The  lower 
eccentricity  of  Shore  Hills  P.  b.  zonatus  is 
lower  than  that  of  all  more  recent  non- 
paedomorphs;   no  post-Shore  Hills  paedo- 


^  This  sers'es  to  emphasize  the  fact  that  large 
whorl  size  does  not  imply  large  maximal  size. 
Sliore  Hills  shells  grow  to  absolutely  larger  sizes 
than  all  more  recent  P.  hermiidensis,  despite  their 
smallest  size  at  a  whorl — i.e.,  the\'  have  more 
whorls   at  maximum  sizes. 


474  Bulletin   Mmcuin   of  Conipaiative  Zoology,   Vol.   138,  Xo.   7 


0.83 


0.43 


0  01  .. 


X 

< 


19 


10        AA 

07      15           0908 

2606 

BB 

2724 

18 

14 

20              v/ 

13  33 


030401 


05 


■+■ 


0.  73 
AXIS         2 


0.52 


0.31 


0.09 


Figure   17.      Plot  on  varimax  axes  of  all   P.   bermudens/s   samples.    AA  stands  for  11   and  21,  BB  for  16  and  25,  CC  for  12  and 
31.    Diagonal  line  separates  all  non-paedomorphs  (above)  from  all   paedomorphs   (below). 


morph  attains  a  value  of  this  variable  as 
low  as  that  of  P.  h.  fasoJti  (etc.  for  the 
entire  set  of  features  distinguishing  paedo- 
morphs from  non-paedomorphs).  The  ex- 
tent of  the  morphological  gap  separating 
Shore  Hills  from  later  samples  is  evident 


in  Figure  17.  (Tlie  arbitrary  oblique  line 
of  this  figure  divides  paedomorphs  from 
non-paedomorphs;  note  the  distance  be- 
tween F.  h.  fasoltl  and  the  other  three 
paedomorphic   subspecies. ) 

The    postulate    that    Harrington    paedo- 
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Figure  18.      Plot  on  varimax  axes  of  all  P.  bermudemis  somples.     Fourth  axis  separates  modern  P.b.  bermudensis  (31-36)  from 
all  other  paedomorphs.    AA  stands  for  07  and  10,  BB  for  16  and  18. 


moiphs  evolved  directh-  from  P.  J),  fasolti  numbers  of  variables  is  not  in  itself  im- 

involves    the    improbable    Inpothesis    that  probable  and  must  occur  if  paedomorphosis 

the  unique  features  of  Shore  Hills  samples  in  F.  hevmudensis  is  recurrent,  as  proposed 

were  modified  twice  in  exactly  the  same  here.    Frequent  de\elopment  of  the  many 

manner.   Tlie  parallel  modification  of  large  traits    characterizing    paedomorphic    shells 
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Figure  19.      Plot  of  all  P.  bermudensis  samples.     Modern  P.b.    bermudens/s   circled;    note    intermediate    position    between    post- 
Shore  Hills  paedomorphs  and  non-paedomorphs.     AA  stands  for  18  and  26,  BB  for  07  and  27. 


has  a  potentially  simple  genetic  base,  but  mechanically  produce  a  more  convex  spire 

a    double    oritjin    of    Harrington    P.    her-  and,    if    anything,    should    bring    about    a 

mudensls  would  in\ olve  the  similar  inde-  decrease  of  the  lower  eccentricit\-,  for  large 

pendent   development   of   many   unrelated  shells  at  a  whorl  ha\'e  fewer  whorls  at  the 

features.    Increase  in  whorl  size  will  not  standard  size,  and  the  positive  correlation 
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Table    11.      P.    ffrmupensis:     comparison    of 
Shore   Hills   samples  with  more  recent  sam- 
ples.    Figures   cited   are   ranges   of  mean   sample 
\alues  in  mm. 


Shore  Hills 


More  Recent 


Size  at  the 

fifth  whorl 
Initial  form   index 

Umliilieal   width: 
paedomorplis 
non-paedomorphs 

Lower  eccentricity: 
paedomoq:)hs 
non-paedomorphs 


12.S5-1.3.99 
0.15S-0.I86 


3.01 
2.22-2.40 


0.182 
0.318-0.380 


14.47-16.77 
0.207-0.293 

1.82-2.51 
1.69-2.22 

0.256-0.446 
0.42.5-0.528 


of  lower  eccentricit\"  i.s  stronsrer  with  whorl 
numbers  than  with  size.  When  all  measured 
features  are  eonsidered,  the  Harrington 
paedomorplis  are  more  similar  to  Harring- 
ton non-paedomori:)hs  than  to  P.  1).  fasoiti, 
which  is  best  regarded  as  a  short-lived 
branch  deri\ed  from  Shore  Hills  P.  hcr- 
mtulcnsis  zonafus   (Fig.  20). 

In  Harrington  times,  paedomorphic 
populations  evolved  at  the  range  periphe- 
ries of  eastern  and  western  P.  bermudensis 
zonatKs.  P.  h.  sicpnundi,  found  in  two 
localities  on  Ireland  Island,  displa\s  the 
t\"pical  \\estern  color  pattern — 023  with 
band  formation  delayed;  P.  h.  siegJindae, 
bearing  the  123  pattern,  arose  at  Rocky 
Bay  in  the  southwest  comer  of  the  range 
of  eastern  snails.  Since  eastern  and  west- 
ern stocks  \\ere  evoKing  separately  during 
the  Shore  Hills-Southampton  interval,  the 
two  paedomorplis  are  independent  develop- 
ments. 

Another  eastern  paedomoqih,  P.  b.  ber- 
mudensis, evolved  in  St.  George's  time  on 
what  is  no\\'  St.  George's  Island  in  north- 
east Bermuda.  The  proposal  for  an  origin 
of  this  form  separate  from  that  of  P.  b. 
siegJindae  is  weaker  than  previous  cases 
of  distinct  derivation.  Yet  I  maintain  this 
view  for  the  following  reasons: 

a)  P.  b.  bermudensis  evolved  at  a  range 
periphery  of  P.  b.  zonatus  opposite  from 
the  point  of  origin  of  P.  b.  siegJindae. 


b)  P.  /;.  siegJindae  seems  to  have  been 
a  small,  isolated,  and  short-lived  popu- 
lation. It  extends  onK'  from  the  upjiermost 
Harrington  to  the  lowest  Pembroke  and 
was  probabK-  annihilated  b\-  the  strong 
growth  of  Pembroke  dunes.  In  lower 
Pembroke  times,  its  range  is  narrowly 
limited  to  the  east  and  west  bv  populations 
of  P.  /;.  zonatus  at  localities  2  and  47;  the 
entire  east-west  extent  of  its  Pembroke 
range  could  not  have  exceeded  200  meters. 

I  conclude  that  the  P.  bermudensis 
zonatus  stock  branched  at  least  four  times 
during  the  Shore  Ilills-St.  George's  interval, 
that  each  branch  is  a  paedomoq^hic  deriv- 
ative of  the  central  stock,  and  that  an 
extensive  set  of  similar  and  non-redundant 
nior^ihological  features  therefore  evolved 
many  times  and  independently.  This 
heterochronous  parallelism  or  "iterative 
evolution"^  has  been  documented  in  other 
fossil  groups.  It  is  best  known  among 
Mesozoic  ammonoids  and  in  the  repetitive 
development  of  the  ostreid  form  genus 
GrypJiaca.  Iterative  trends  in  the  evolution 
of  brachiopod  lophophores  have  been  docu- 
mented by  Elliott  ( 1948),  who  cites  further 
cases  among  echinoids  and  foraminifera. 
Standard  objections  to  such  h\potheses  in- 
volve the  "coniplexit\  '  of  morphological 
alteration  (usually  defined  in  tenns  of  the 
number  of  differences  that  can  be  cited) 
and  the  improbability  of  its  repetitive  oc- 
currence. But  complexity  is  not  a  matter 
of  simple  enumeration;  in  this  case  many 
characters  are  involved,  but  the  change 
has  a  simple  genetic  and  ontogenetic  basis 
— the  very  prerequisites  listed  by  Simpson 
(1953:  251)  for  the  occurrence  of  iterative 
trends. 

Rensch  (1937)  has  provided  an  interest- 
ing analogy  that  should  dispel  qualms  as 
to  the  improbability  of  independent  origin 
for   markedly   similar   shapes.     In   western 


^Simpson's  definition  (1953:  248)  of  iterative 
e\ohition  fits  this  example  particularly  well:  "The 
repeated  occurrence  of  similar  trends  in  successive 
offshoots  of  a  group,  often  form  a  continuing 
'conservative  stem.'  " 
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Sicily  are  found  flattened,  carinate,  umbili- 
cate  subspecies  of  six  genera  that  are 
normally  smooth,  rounded,  and  non-umbili- 
cate  in  the  manner  of  such  typical  helicids 
as  Otala.  Moreover,  "similarity  among  the 
carinate  races,  which  have  arisen  indepen- 
dently in  parallel  fashion,  is  so  great  that, 
on  the  basis  of  the  shell  alone,  Murella 
muralis  scahriuscula,  Tyrrheniheru.s  villico 
sardonic,  and  Rossmacssleria  siihsc.  siih- 
scahriuscula  could  be  considered  as  races 
of  a  single  species.  Such  cases  are  of  great 
significance  for  paleontology"  (translated 
from  Rensch,  1937:  587).  Here  similarity 
among  derived  subspecies  of  three  genera 
is  stronger  than  that  among  the  four  paedo- 
morphic  subspecies  of  P.  hermudcnsis,  for 
only  between  an  uncallused  P.  h.  sicsjindae 
and  P.  h.  hermudcnsis  could  anv  difficulty 
of  identification  arise  in  well-preserved 
specimens.  The  uncanny  aspect  of  Rensch's 
example  is  that  the  passage  from  rounded, 
n(Mi-carinate  forms  to  sharply  keeled  deriv- 
atives is  reminiscent  of  the  transition  from 
P.  h.  zonatus  to  its  paedomorphic  branches. 
Yet  it  is  analogy  only,  for  Rensch's  carinate 
fonns  are  not  derived  by  paedomorphosis 
and  seem  for  the  most  part  to  ha\'e  thicker 
shells  than  typically-shaped  subspecies. 

The  emphasis  on  simplicity  of  genetic 
and  ontogenetic  production  of  paedo- 
moiphic  forms  raises  another  important 
issue:  Granted  that  the  four  branches  are 
distinct  and  paedomorphic,  does  the  change 
have  any  genetic  basis?  Is  this  case  merely 
another  A/?2/;f/.sfomf/-axolotl,  a  phenotypic 
response  to  a  given  set  of  environmental 
conditions?  If  this  were  true,  its  recurrence 
would  be  a  matter  of  no  great  interest.  It 
seems  not  to  be  true  for  the  following  rea- 
sons: 

a)  Geographic  and  temporal  distribution 
of  paedomoqjhic  forms  is  consistent  with 
their  constitution  as  taxonomically-signifi- 
cant  biological  populations. 

i)  As  would  be  expected  under  cur- 
rent notions  of  geographic  speciation,  the 
origin  of  a  paedomoqohic  offshoot  invari- 
ably occurs  at  the  periphery  of  the  known 


range  of  its  parental  fonn  (Mayr,  1963; 
Chapter  16).  Tliis  is  least  well  documented 
for  P.  h.  jasolti,  since  the  geographic  range 
of  Shore  Hills  populations  is  so  small.  Still, 
this  paedomorph  is  found  at  the  northern 
extent  of  the  known  species  range  and  is 
more  widely  separated  from  its  nearest 
conspecific  neighbor  than  are  any  other 
two  collections  of  this  age.  P.  h.  siegmiindi 
arose  at  the  extreme  northwest  extent  of 
western  P.  b.  zonatus;  P.  b.  sieg,Iindae  at 
the  southwest  corner  of  the  range  of  east- 
ern non-paedomorphs.  P.  /;.  bcrmudensis 
had  its  origin  at  the  northeast  periphery 
of  the  known  range  of  eastern  P.  b.  zonatus. 
ii)  During  the  entire  St.  George's- 
Southampton  interxal,  P.  h.  hermudensis 
evolved  in  isolation  on  what  is  now  St. 
George's  Island.  For  a  period  of  up  to 
120,000  years,  paedomorphs  and  non- 
paedomorphs  occupied  non-overlapping 
geographic  ranges  in  which  environmental 
conditions  could  not  have  differed  widely. 
b)  Many  living  populations  of  P.  b.  ber- 
mudcnsis  have  re-acquired  features  char- 
acteristic of  ancestral  P.  b.  zonatus.  In 
particular,  the  shell  has  become  thicker 
and  relatively  higher  (through  an  increase 
of  the  initial  form  index  with  no  significant 
modification  of  the  differential  growth 
ratio),  and  color  is  intensified  so  that  all 
three  bands  have  usually  formed  by  the 
fifth  whorl. ^  However,  some  of  the  moi-pho- 
logical  consequences  that  invariably  follow 
such  trends  in  P.  /;.  zonntus  do  not  ensue. 
A  thickened  shell  invariably  produces  a 
stronger  callus  in  P.  1).  zonatus;  no  callus 
forms  in  P.  J).  J)ermudensis.  More  impor- 
tant, a  recognizable  percentage  of  shells  in 
all  post-Shore  Hills  samples  of  eastern  P.  /;. 
zonatus  display  the  color  variation  "faded." 


^  Figure  17  does  not  distinguish  modern  P.  b. 
hermudcnsis  from  otlier  post-Shore  Hills  paedo- 
nioiphs,  ]:)ut  high  projections  on  the  fourth  axis 
differentiate  the  modern  samples  from  all  older 
forms  (Fig.  18).  In  a  plot  of  axis  1  vs.  axis  2  of 
a  4-axis  solution,  modern  P.  b.  bcrmudensis  samples 
lie  midway  loetween  the  clusters  of  all  post-Shore 
Hills  paedomorphs  and  P.  b.  zonatus  (Fig.  19). 
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(PI.  5,  fig.  5).  Tliis  variation,  which  ap- 
pears after  the  flame-lxind  transition  (iisn- 
ally  during  dexelopnient  of  the  fifth 
whorl),  is  necessarily  absent  from  paedo- 
morphs  that  are  still  in  the  flame  stage  at 
maximal  sizes.  P.  h.  hcrmudensis  exhibited 
this  weakened  coloration  during  the  entire 
St.  George's-Southampton  interval;  modern 
P.  /;.  hennudensis,  which  ha\'e  re-acquired 
coloration  equal  in  strength  to  typical  P. 
h.  zonafus;  never  display  the  "faded"  \  ari- 
ation.  I  assume  that  genetic  determinants 
of  the  callus  and  "faded"  \ariati(ni  were 
lost  from  the  P.  /;.  hermudemis  gene  pool 
during  the  length)'  period  in  which  shells 
ne\'er  reached  a  developmental  stage  suf- 
ficienth-  advanced  for  their  phenotvi^ic 
manifestation.  In  addition  to  the  impli- 
cation that  there  exist  genetic  differences 
between  paedomorphs  and  non-paedo- 
morphs,  this  example  helps  to  answer  an- 
other question:  If  non-paedomorphs  gave 
rise  to  paedomoiphs  four  times,  why  is 
the  reverse  transition  unknown?  Paedo- 
morphosis  is  a  one-way  street.  Non-paedo- 
morphs must,  by  definition,  possess  the 
capacity  for  production  of  the  paedo- 
morphic  phenotype,  for  it  already  exists 
as  an  earh'  ontogenetic  stage.  Paedo- 
moiphic  populations,  on  the  other  hand, 
will  tend  to  lose  genes  for  features  of  late 
ontogen\-  \\hich  can  never  be  brought  to 
phenotypic  expression. 

Since  the  four  paedomorphic  offshoots 
occupy  geographic  subdivisions  of  the 
species  range  and  differ  genetically  from 
the  parental  stock,  separate  taxonomic 
status  is  warranted.  Although  defensible 
on  purely  morphological  grounds,  the 
erection  of  a  single  subspecies  for  the 
paedomorphs  is  inadmissible.  A  form 
genus  is  pardonable  (since  that  category 
is  not  "real" ) ,  but  a  form  subspecies  vio- 
lates population  concepts.  Therefore,  each 
paedomorphic  offshoot  has  been  given 
separate  subspecific  status.  A  visual  re- 
construction of  the  evolutionary  history  of 
P.  hcrmudensis  is  presented  in  Figure  20; 


two  of  a  set  of  data  portrayals  according 

to  this  scheme  eonstitnt(^  Figures  21-22. 

D)   Cause  of  Paedomorphosis 

1.  Efficient  cause.  Rothschild  and  Roths- 
cliild  (1939)  showed  that  pulmonates 
whose  gonads  had  been  partly  or  com- 
pleteK-  destroyed  by  parasitic  trematodes 
tended  to  grow  faster  and  attain  larger 
maximal  sizes.  Growth  curves  of  many 
pulmonates  display  a  shaqi  nick  at  the 
point  of  gonad  maturation,  indicating  a 
rapid  decrease  in  the  growth  rate  (Boett- 
ger,  1952:  469).  This  rapid  slowing  of  the 
juvenile  growth  rate  is  often  accompanied 
by  the  development  of  morphological 
features  that  characterize  adult  forms. 
Parasitically  castrated  individuals  of  Helix 
pomatia.  Arianta  arbustorum,  and  Brady- 
hacna  fruticum  do  not  develop  t\pical 
features  of  the  adult  aperture — thickening, 
coloration,  and  change  in  direction  of 
growth  (Boettger,  1952).  Tlie  prolongation 
of  rapid  juvenile  growth  rates  may  there- 
fore dela\-  the  formation  of  adult  char- 
acters and  produce  paedomorphic  effects. 

If  maturation  in  paedomoi-phic  P.  hcr- 
mudensis subspecies  occurred  at  the  same 
number  of  days  after  hatching  as  in  non- 
paedomorphs  but  at  a  larger  size  (due  to 
slower  pre-maturational  diminution  of 
initially  rapid  growth  rates),  then  the 
intensity  of  gradual  allometric  alterations 
that  produce  typical  fonn  differences  be- 
tween juveniles  and  adults  might  be  cor- 
respondingly diminished.  Juvenile  rates  of 
development  would  persist  longer  (in 
terms  of  size,  though  not  of  time),  and 
such  a  form,  when  compared  with  a  typical 
specimen  at  a  corresponding  size  near 
maximum  size,  \\'Ould  be  paedomor]:)hic. 
The  same  morphological  effect  \\'ould  arise 
from  an  absolute  delay  of  maturation  in 
paedomorphs  (in  time  aftcu-  hatching  rela- 
tive to  non-paedomorphs).  Thus,  paedo- 
moiphs either  grow  faster  and  mature  at 
the  same  time  as  non-paedomorphs,  or 
mature  later  and  thereb\  prolong  the  same 
juvenile  growth  rate  to  larger  sizes. 
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bermudensis 


west  zonatus 


east  zonatus 


SG 


sieglindae 


siegmundi 


H 


SH 


fasoiti 


Figure  21.  Values  for  lower  eccentricity  In  P.  bermudensis  displayed  in  phylogenetlc  framework.  Cited  figures  are  means  of 
mean  sample  values.  SH  =  Shore  Hills;  H  =:  Harrington;  P  =  Pembroke;  SG  =  St.  George's;  S  =  Southampton;  R  = 
Recent. 


The  weakness  of  coloration  in  large 
paedomorphic  shells  of  P.  bermudensis 
can  be  interpreted  in  two  ways:  flames 
(rather  than  a  band)  are  produced  either 
because  pigmentation  is  more  limited  or 
because  a  rapid  growth  rate  "spreads  thin- 
ner" a  quantity  of  pigmentation  ^\hose 
deposition  rate  is  constant  per  unit  of  time. 
Comfort  ( 1951 )  indicates  that  this  second 
explanation  often  applies  to  pulmonates: 
"The  intensity  of  pigmentation  varies  with 
the  gro\\i:h  rate,  periods  of  diapause  gi\ing 
rise  verv  often  to  darker  \arices,  and 
periods   of  rapid   growth   to  paler  zones." 


Likewise,  thickness  of  the  callus  seems 
to  increase  during  growth  pauses;  a  suf- 
ficiently rapid  general  growth  rate  might 
prevent  its  fonnation  altogether  and,  as  a 
further  consequence,  produce  the  relatixely 
thin  shell  characteristic  of  paedomorphs. 
I  suggest,  therefore,  that  a  prolongation  of 
rapid  juvenile  growth  rate  (and,  b\  impli- 
cation, juvenile  ]xitterns  of  ontogenetic 
allometry)  to  later  sizes  is  responsible  for 
paedomorphosis  in  P.  hermudensis.  Since 
the  paedomorphic  subspecies  reach  the 
same  maximal  size  and  whorl  number  as 
non-paedomorphs,     features     which     form 
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Figure   22.      Values  for  differential    growth    ratio   in   P.   berrriudensis    displayed    in    phylogenetic    framework.     Cited    f.gures    are 
means  of  mean  sample  values.     Formational  symbols  as  in  Figure  21. 


during  the  fourth  and  fifth  whorl  of  non- 
paedomorphs  are  so  delayed  in  appear- 
ance that  they  never  form  in  paedomorphs. 
2.  Adaptive  si^nificonce.  There  is  an 
interesting  correlation  between  the  inci- 
dence of  paedomorphosis  and  depositional 
environment : 

a)  Paedomorphosis  is  most  advanced  in 
subspecies  originating  in  red  soils.  P.  h. 
fasoiti  and  P.  h.  bermiidensis  never  possess 
a  callus  and  rarely  (with  the  exception  of 
some  Hving  P.  h.  hcnntidensis)  develop 
band  1  or  2. 

b)  Paedomorphosis  is  less  pronounced 
in  subspecies  originating  in  unindurated 
zones.  Bands  1  and  2  are  slightly  delayed 
but  usually  form  in  P.   I).  sicgimiiKli  and 


P.  h.  siciijindac-  a  callus  is  weakly  de- 
veloped in  both  subspecies. 

c )  Paedomorphs  never  originate  in  eolian- 
ites.  (P.  h.  bermudensis,  living  in  iso- 
lation, survived  the  period  of  Southampton 
dune  building,  but  its  geographic  sepa- 
ration from  competition  renders  an  assess- 
ment of  its  relative  adaptability  to  such  an 
environment  impossible ) . 

Red  soil  conditions  seem  to  favor  paedo- 
morphosis; moreover,  as  will  be  discussed 
in  the  next  chapter,  both  P.  bermudensis 
zonatus  and  P.  nelsoni  tend  to  have  thinner 
shells  in  Shore  Hills  and  St.  George's  times. 
This  may  suggest  that  paedomorphosis 
served  as  one  pathway  to  the  attainment 
of  a  thinner  shell,  which  would  have  been 
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adaptixe  in  tlie  limited  calcium  environ- 
ment of  red  soils  (Oldham.  1934;  T.ozek, 
1962).  That  pacdomorphosis  is  not  an 
unreasonabK-  indirect  or  difficult  pathway 
to  such  an  adaptation  is  indicated  In-  an 
R-mode  factor  analysis  of  the  matrix  of 
means  for  all  P.  bcrnuidcnsis  zomiius 
samples.  Since  non-standardized  variables 
are  considered  at  a  uniform  size  (height 
+  width  =  30  mm),  the  matrix  to  be  fac- 
tored is  analagous  to  a  partial  correlation 
matrix  of  inter-sample  variability  with  the 
effect  of  size  removed.  The  axis  2  grouping 
of  a  7-axis  solution  includes:  aperture 
width/aperture  height  and  width  at  fifth 
whorl/height  at  fifth  \\'horl  projecting 
positixely,  and  callus  thickness,  aperture 
height,  and  lower  eccentricity  projecting 
negatively.  Even  among  non-paedomorphs, 
a  relatively  wide  shell  is  associated  with  a 
weak  callus  and  a  low  value  of  the  lower 
eccentricity.  General  developmental  ac- 
celerations and  retardations  seem  to  occur 
within  the  P.  hermudensis  zonatus  stock, 
whose  pattern  of  intersample  variation 
therefore  suggests  the  latent  potential  for 
paedomoiphosis —  a  more  pronounced  de- 
velopmental retardation. 

IX.    PHYLETIC   EVOLUTION   OF 
P.  BERMUDENSIS  ZONATUS 

A)   Climate  and  Evolution  in  Land  Snails 

Glacially-controlled  oscillation  of  climate 
and  sea  level  is  the  independent  \ariable 
of  Bennuda's  Pleistocene  history.  Neither 
stratigraphy  nor  paleontology  can  proceed 
much  beyond  the  descriptive  without 
reference  to  its  effects.  The  cyclothem  of 
Bermudian  geology — glacial  red  soil  (solu- 
tional  unconfoniiity)  -^  interglacial  carbon- 
ate (eolianite  and  marine  lim(>stone) — is 
an  expression  of  this  oscillation.  The 
temporal  recurrence  of  similar  environ- 
ments leads  us  to  ask  whether  the  morphol- 
ogy of  fossils  also  records  the  alternating 
selective  pressures  of  a  fluctuating  climate. 
Parallel  oscillation  of  climate  and  morphol- 
ogy has  been  recorded  in  several  studies  of 


Pleistocene  evolution  (in  Kurten's  work 
on  fluctuating  size  trends  in  fossil  bears 
and,  in  particular,  the  changes  in  coiling- 
direction  frequencies  in  planktonic  Fora- 
minifera — see  e.g.  Jenkins,  1967). 

The  relationship  of  morphology  and 
environment,  central  to  any  evolutionary 
theor>-,  was  a  subject  of  intense  debate 
during  the  late-  19th  century — a  discussion 
in  which  land  snails  figured  prominently. 
J.  T.  Gulick  (1873,  1905)  disputed  the 
Darwinian  view  that  geographic  variation 
in  the  morphology  of  a  species  should  be 
referable  to  selective  pressures  exerted  by 
environmental  differences.  From  studies 
on  the  distribution  of  Achat  inella  in 
Hawaii,  he  concluded  that  morphological 
differences  arise  in  identical  environments 
and  that  geographic  separation  is  a  suffi- 
cient cause  and  not  merely  a  precondition 
of  speciation.  "The  evolution  of  many  dif- 
ferent species  may  take  place  without  any 
difference  in  the  food,  climate,  or  enemies 
that  surround  them  .  .  .  Separation  without 
a  difference  of  external  circumstances  is  a 
condition  sufficient  to  ensure  variation" 
(Gulick,  1873:  504-505). 

In  defense  of  the  selectionist  thesis 
that  he  had  co-authored,  Wallace  (1899: 
148)   replied: 

It  is  an  error  to  assume  that  wliat  seem  to  us 
identical  conditions  are  really  identical  to  such 
small  iuid  delicate  organisms  as  these  land  mol- 
luscs, of  whose  needs  and  difficulties  at  each 
successive  stage  of  their  existence,  from  the 
freshly-laid  egg  up  to  the  adult  animal,  we  are 
so  profoundly  ignorant.  The  exact  proportions 
of  the  various  species  of  plants,  the  numbers  of 
each  kind  of  insect  or  of  bird,  the  peculiarities 
of  more  or  less  exposure  to  sunshine  or  to  wind 
at  certain  critical  epochs,  and  other  slight  dif- 
ferences which  to  us  are  absolutely  inuuaterial 
and  unrecognizable,  may  be  of  the  highest  sig- 
nificance to  these  humble  creatures,  and  be  quite 
sufiicient  to  retiuire  some  slight  adjustments  of 
size,  fonu,  or  colour,  which  natural  selection  will 
bring  about. 

This  debate  extended  beyond  snails  and 
beyond  the  role  of  selection  in  evolution, 
for  basic  intellectual  attitudes  were  in- 
volved.    As     originally     fonriulated,     the 
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Dar^^'inian  approach  was  highly  deter- 
ministic in  accord  \\'ith  prevailing  notions 
of  the  nature  of  natural  science.  To  invoke 
the  teiTn  "science"  was  to  imply  a  deter- 
ministic model — witness  the  "scientific  so- 
cialism" of  Marx  and  its  theory  of  ineluc- 
table historical  progression.  This  attitude 
is  quite  explicit  in  Wallace's  rebuttal  of 
Gulick: 

If  the  average  characters  of  the  species  are  the 
expression  of  its  exact  adaptation  to  its  whole 
environment,  then,  given  a  precisely  similar  en- 
vironment, and  the  isolated  portion  will  inevi- 
tably he  brought  back  to  the  same  average  of 
characters  (Wallace,  1889:   149;  my  emphases). 

Rev.  Gulick  was  a  participant  in  the  late 
19th  century  antimechanist  reaction  which, 
in  another  guise,  culminated  in  vitalism 
and  the  "creative  evolution"  of  Henri 
Bergson: 

If  my  contention  [that  different  species  of  a 
genus  can  arise  in  identical  environments]  is  in 
accord  with  the  facts,  the  assumption  which  we 
often  meet  that  change  in  the  organism  is  con- 
trolled in  all  its  details  by  change  in  the  environ- 
ment, and  that,  therefore,  human  progress  is 
ruled  bv  an  external  fate,  is  certainly  contrary 
to  fact  '(Gulick,  1905:   iv). 

Our  contemporary  reconciliation,  which  has 
affirmed  and  extended  the  role  of  selection 
within  the  non-mechanist  framework  of 
modern  evolutionary  theory,  has  incorpo- 
rated much  of  Gulick's  attitude  and  some 
of  his  empirical  conclusions  (e.g.,  the  em- 
phasis on  geographic  isolation  in  speciation). 
Amidst  the  excitement  provoked  by  re- 
discovery of  Mendel's  work,  Crampton 
( 1916 )  again  focused  on  the  relationship  of 
environment  and  morphology  in  his  study 
of  Paiiiiki.  The  "causal  value  of  the  'en- 
vironment' in  producing  varietal  modifica- 
tions" was,  to  Crampton  (1916:  48),  the 
"major  jiroblem."    He  concluded: 

a)  "The  originative  influence  of  the  en- 
vironment seems  to  be  little  or  nothing" 
(1916:    12). 

b)  "The  morphological  differences  ob- 
served are  due  to  spontaneous  congenital 
causes  that  remain  unknown  in  themselves, 


but  whose  effects  are  produced  quite  in- 
dependentlv  of  the  external  conditions" 
(1916:  48)'. 

Darwin  had  answered  only  one  of  the 
two  great  questions;  he  had  explained  the 
production  of  new  forms  by  natural  selec- 
tion of  variants  but  had  not  discovered  the 
source  of  variation — and  this  "Origin  of  the 
Fittest"  (as  Cope  entitled  his  book)  was 
to  many  evolutionists  the  more  important 
issue.  The  early  mutationists  thought  they 
had  found  the  key  to  this  origin  in  Men- 
del's laws  (second  quote  above)  and 
relegated  natural  selection  to  the  non-cre- 
ative function  of  headsman: 

The  role  of  the  environment  is  to  set  the  limits 
to  the  habitable  areas  or  to  bring  about  the 
elimination  of  individuals  whose  qualities  are 
otherwise  determined — that  is,  by  congenital 
factors   (Crampton,  1916:   311). 

Both  neo-Lamarckians  and  early  muta- 
tionists denied  selection  a  creative  role,  the 
fonner  because  variation  was  inherently 
directed  towards  adaptation,  the  latter  be- 
cause adaptations  arose  in  a  single  step. 
The  truly  creative  function  of  selection, 
continual  and  successive  preservation  of 
the  adaptive  component  from  a  random 
spectrum  of  variation,  was  perceived  by 
neither.  Crampton  remarked:  "Some  among 
the  neo-Darwinians  endeavored  to  make 
natural  selection  originative  as  well  as 
discriminatory,  but  their  views  have  not 
gained  wide  acceptance"    (1932:    187). 

It  is  ironic  that  Crampton,  in  his  efforts 
to  discredit  neo-Larmarckism  by  denying 
to  the  environment  an  "originative  influ- 
ence," joined  Cope  and  Osborn  in  failing 
to  grasp  the  importance  of  selection.  To 
deny  direct  environmental  induction  is  not, 
of  course,  to  eliminate  the  possibility  that 
morphology  and  environment  are  related, 
for  the  role  of  environment  is  to  determine 
the  direction  of  selection. 

In  the  initial  stages  of  its  development, 
a  new  theory  is  often  taken  by  its  propo- 
nents as  all-encompassing;  only  later  are 
syntheses  effected  with  the  cogent  aspects 
of  earlier  views.    In  assigning  to  mutation 
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TaHLE    12.        COHHELATION    OF    MORPHOLOOY    AND    CLIMATE     I\     P.     flK KU I  1>F KSIS     7.0NATVS:       FLUCTUATING 

THExns  IN  wiiOHL  SIZE  AND  SHELL  iiiicKNESS.  Totul  nuiiilxr  ol  spfciuicns  and  number  of  samples 
shown  uncKr  eolumn  Iieaded  N;  the  means  and  ranges  eited  in  tlie  table  are  compiled  from  mean  sam- 
ple xalui's.  In  the  ta])ulati()n  of  ranges,  the  \  alue  of  tlie  anomalous  Spittal  Pond  St.  Ceorge's  sample  is 
reeordetl  separately,  but  ineluded  in  tht>  ealenlation  of  the  mean,  f'or  this  sample,  size  at  the  fifth 
whorl  is  16.35  mm;  callus  thickness  is  0.177  mm.    All  measures  in  mm. 


N 


Size  at  Fifth  W  horl 


Southampton 

62(4) 

16.28  (15.74-16.77) 

St.  George's 

65  (5) 

14.93  (14.47-14.67) 

IV'nibroke 

68  ( 4) 

16.00  (  15.71-16.41  ) 

Harrington 

95  (5) 

15.45  ( 15.30-15.82 ) 

Shore  Hills 

76(4) 

13.42  (12.85-13.99) 

Callus  Thickness 


0.383  (0.236-0..551) 
0.138  (0.0 10-0.229  1 
0.233  (0.193-0.295) 
0.279  (0.2.59-0.. 341  ) 
0.180  (0.141-0.223) 


(".spontaneous  congenital  factors")  the  role 
of  both  material  and  efficient  cause  of  evo- 
lutionary change  ( instead  of  just  the  former 
as  agreed  today),  Crampton  failed  to  ap- 
preciate the  indirect  influence  of  environ- 
ment in  producing  evolutionary  change. 

\A'ith  the  infusion  of  population  concepts 
into  evolutionary  thought,  the  adaptive 
nature  of  geographic  variation  in  land 
snails  has  become  accepted.  Welch  ( 1938, 
1942,  1958)  studied  the  Hawaiian  Achaii- 
ncUa  anew  and  in  far  greater  detail  than 
Cxulick  had  done.  He  found  definite  cor- 
relations of  form  and  size  with  altitude, 
moisture,  and  temperature  among  sub- 
species of  AchaiincUa  miisteJina  (Welch, 
1938).  Bailey  (1956)  attributed  some  of 
Crampton's  "non-adaptive"  \ariation  to  the 
results  of  selection.  Studies  were  made  of 
the  phenotypic  effects  of  different  environ- 
ments upon  land  snail  shells  (Oldham, 
1934;  Rensch,  1932)  and  results  were  used 
to  interpret  genetically  determined  vari- 
ation in  adaptive  terms  (Rensch,  1937). 
Work  on  Cepaea  demonstrated  that  the 
distribution  of  color  variation  corresponds 
'\\'ell  with  inferred  environmental  selective 
pressures  (review  in  HarvcN',  1964;  Ford, 
1964). 

While  so  much  excellent  work  on  the 
adaptive  nature  of  infraspecific  geographic 
variation  has  been  produced,  virtualh" 
nothing  is  known  of  the  nature  of  temporal 
\'ariation  within  pulmonate  species.  Pul- 
nionate  paleontologists  have  confined  their 
climatic    concerns    to    species    distribution 


patterns  and  ha\e  not  studied  morpho- 
logical variation  within  a  species  living 
through  a  temporal  succession  of  environ- 
ments (reviews  in  Lozek,  1965;  Taylor, 
1965;  and  la  Rocque,  1966).  Temporal 
variation  in  P.  ])ennu(lcnsis  zonafiis  will  be 
considered  in  this  chapter. 

B)   Correlafion  of  Environment  and 
Morphology 

Unlike  that  of  P.  nelsoni,  the  morphology 
of  P.  hcnnudensis  zonatus  exhibits  no  im- 
mcxliately  recognizable  correlation  with 
lithology  and,  by  implication,  climate. 
However,  a  highly  significant  pattern  can 
be  inferred  from  the  measurements.  This 
pattern  parallels  noted  trends  of  the  P. 
nelsoni  stock  and  proves  that  glacial  and 
interglacial  climates  are  associated  with 
characteristic  morphologies  in  four  lines 
(P.  nelsoni,  P.  superior,  eastern  and  west- 
ern P.  hermudensis  zonatus). 

a)  shell  thickness:  Strength  of  the 
parietal  callus  is  a  good  m(\tsur(>  of  rela- 
tive shell  weight.  In  Shore  Hills  (glacial) 
times,  the  callus  of  P.  hermudensis  zonatus 
was  weakly  developed  at  the  standard 
size.  Shell  thicknc\ss  increascxl  during  the 
succeeding  interglacial  (Harrington-Pem- 
broke) only  to  fall  again  to  Shore  Hills 
le\-els  with  the  return  of  glacial  climates 
during  the  St.  (George's.  The  double  oscil- 
lation was  completed  when  Southampton 
( interglacial )  snails  reacquired  strong  cal- 
luses (Table  12,  Fig.  23). 
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Figure  23.     Correlation  of  shell  thickness  (callus)  and  climate   in  western    (left)   and   eastern   stocks  of  P.   bermudensis  zonafus. 
SH  :=  Shore  Hills;  H  ^  Harrington;  P  ^  Pembroke;  SG  :=z  St.  George's;  S  =^  Southampton. 


b)   shell  size: 

i)  maximum  size:  With  a  range  of 
maximal  shell  size  far  smaller  than  that  of 
P.  nehoni  or  P.  cupula,  little  can  be  done 
with  this  variable  in  F.  bermudensis  due 
to  great  differences  in  sample  size.  I  can 
state  with  fair  certainty  only  that  the 
largest  Shore  Hills  snails  surpass  those  of 
all  more  recent  populations  in  maximal 
size.  For  more  recent  forms,  I  compiled 
means  for  the  five  largest  specimens  in 
each  sample.  The  only  consistent  result 
of  this  procedure  is  the  artifact  that  larger 
samples  tend  to  have  larger  mean  \alues. 
Grand  means  for  each  post-Shore  Hills 
formation  are:  Harrington,  34.3  mm; 
Pembroke,  34.4;  St.  George's,  34.2;  South- 
ampton, 33.5.  The  largest  St.  George's 
sample  ( Spittal  Pond,  locality  32 )  has 
fewer  specimens  than  any  of  the  measured 
interglacial  samples.  If  the  sample-size 
artifact  controls  values  of  the  grand  means. 


then  an  unbiased  sampling  procedure 
might  predict  that  St.  George's  specimens 
tend  to  he  somewhat  larger  in  maximal 
size. 

ii)  standardized  size-at-fifth-whorl:  Par- 
allel oscillation  of  size-at-fifth-whorl  and 
lithologv  is  pronounced  and  consistent 
(Table'  12,  Fig.  24).  Values  of  this 
measure  are  low  in  red  soils,  intennediate 
in  unindurated  zones  (Harrington)  and 
high  in  eolianites  ( Pembroke,  Southamp- 
ton). In  three  localities,  Harrington  and 
Pembroke  snails  were  found  in  continuous 
sequence,  inches  apart  in  direct  superposi- 
tion— a  strong  indication  that  genetic  conti- 
nuity was  maintained  during  the  lithologic 
transition.  In  all  cases  (P.  ]).  zonatus  from 
Whalebone  Bay,  locality  1,  and  Towai  Gut, 
locality  87,  and  P.  b.  sieglindae  from  Rocky 
Bay,  locality  44 ) ,  Pembroke  samples  exhibit 
larger  mean  sample  values  of  size  at  fifth 
whorl  (significant  at  5  per  cent  level  in  all 
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Figure  24.      Correlation  of  size  at  fifth  whorl  and  climate  in  western  (left)  and  eastern  stocks  of  P.  bermudens/s  zonotus.     For- 
mafional  names  as  in  Figure  23. 


cases ) .  The  consistenc}'  of  this  correlation  is 
e\en  stronger  than  that  for  callus  thickness. 
Leaving  aside  the  St.  George's  Spittal  Pond 
sample  whicli  is  anomalous  in  all  respects, 
the  largest  mean  size-at-fifth-\vhorl  for  a 
red  soil  sample  ( 14.67  mm,  St.  George's  at 
Saucos  Hill  localit\-  41 )  is  a  good  deal  less 
than  the  smallest  eolianite  value  ( 15.30 
mm,  Harrington  at  \Vhalebone  Bay,  lo- 
cality 1). 

In  conclusion,  snails  from  red  soils 
(glacial  periods)  tend  to  reach  larger 
maximal  sizes,  have  thinner  shells  and  be 
smaller  at  a  whorl  than  samples  from 
eolianites.^ 


^  As  in  P.  nclsoni,  small  .size  at  a  whorl  can  be 
an  artifact  of  small  protoconch  size,  but  this  is 
not  true  here.  A\erage  protoconch  widtlis  foi 
P.  h.  zonatus  samples  of  all  formations  are  remark- 
ably similar.  In  another  case,  the  decrease  in 
wliorl  size  of  modern  P.  h.  ])cnmi(lcnsi.s  compared 
with    St.    George's    and    Soutliampton    forms,    the 


In  P.  nclsoni,  apparent  temporal  fluctu- 
ations in  morpholog)-  were  inteq^reted  as 
artifacts  of  an  imperfect  record.  T\\'o  sub- 
species lived  side  by  side  from  Shore  Hills 
to  St.  George's  and  their  alternating  super- 
position in  a  single  section  reflects  the 
migration  of  their  preferred  environments. 
I  favor  the  literal  interpretation  of  zig-zag 
evolution  ( Henningsmoen,  1964)  for  fluc- 
tuating trends  in  P.  h.  zonatus  for  the 
following  reasons:  The  differences  between 
red  soil  and  eolianite  P.  nelsoni  and  P. 
superior  are  large  and  numerous  (imoK- 
ing  color — usually  considered  a  better 
indicator  of  taxonomic  distinction  than 
form — as  well  as  shape).    The  correspond- 


artifact  may  be  involxed  since  living  populations 
tend  to  have  small  protoconchs.  Phyletic  size 
decrease  in  F.  h.  bcnnudctisis  may  be  related  to 
increased  competition  and  decreased  food  re- 
sotnces  caused  by  the  recenth-  introduced  fauna 
(  both  human  and  pulmonate ) . 
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ing  differences  in  P.  h.  zonotus  are  few  and 
small,  in\ol\"ing  only  those  features  which 
adapt  the  snail  to  its  new  environment  (see 
next  section )  and  onh'  those  magnitudes 
small  enough  to  be  encompassed  by  the 
phenotypic  plasticity  of  a  subspecies.  I 
prefer  the  zig-zag  hypothesis  not  because 
it  is  "simpler"  per  se'^  but  because  I  would 
be  surprised  if  the  genetic  determination 
of  shell  form  is  so  precise  that  a  local  popu- 
lation cannot  decrease  the  shell  thickness 
of  its  members,  but  must  gi\'e  way  to  an- 
other already  possessing  the  requisite  thick- 
ness whenever  such  a  modification  is  re- 
quired by  the  conditions  of  life. 

These  single  variable  results  are  in- 
dividual cases  of  a  more  general  coherence. 
I  had  thought  that  quantitative  appraisal  of 
samples  of  this  relatively  conservative 
stock  in  a  short  time  sequence  might  pro- 
duce a  haphazard  clustering  of  samples, 
but  Q-mode  plots  demonstrate  that  the 
samples  of  each  temporal  unit  tend  to  as- 
sociate. This  may  be  due  to  the  uniqueness 
of  complex  selective  pressures  in  any  given 
en\ironment-  or  to  genetic  interchange 
among  contemporaneous  samples.  The  co- 
herence, in  anv  event,   is  an  encouraging 


1  Ockhani  fonnulated  his  razor  to  wield  against 
tlie  Platonic  notion  that  uni\ersals  existed  in  the 
real  world.  These  universals  were  the  entities 
that  had  been  multiplied  beyond  necessity,  and 
they  were  unnecessary  preciseb'  because  they  were 
inventions  of  the  intellect.  Thus,  the  razor,  as 
used  by  Ockhani  and  the  early  nominalists,  was 
not  a  device  to  distinguish  the  l)etter  of  two 
empirical  postulates,  but  a  method  to  simplif> 
logic  by  the  elimination  of  unnecessary  non-em- 
pirical attriliutes.  It  is  a  shame  that  the  razor  is 
so  often  invoked  improperly  by  modern  scientists. 
We  can  all  think  of  cases  in  which  the  more 
complex  of  two  consistent  empirical  hypotheses 
pro\ided  a  more  satisfactory  interpretation  of  a 
phenomenon.  I  do  not  deny  that  simpler  expla- 
nations usually  turn  out  to  be  more  acceptable,  but 
merely  point  out  that  the  razor  should  not  be 
cited  as  a  deus  ex  machina  to  pro\e  the  case. 

-  Many  simple  selective  pressines  recur  with 
similar  basic  environments,  but  the  entire  complex 
of  pressures  will  not  be  exactly  duplicated,  if  onl>' 
because  no  two  en\ironmcnts  can  ever  be  pre- 
cisely alike. 


datum  for  the  use  of  multivariate  biometry 
in  evolutionary  studies. 

The  uniqueness  of  Shore  Hills  samples 
was  demonstrated  in  Figure  17.  To  gain 
a  better  idea  of  subgrouping  within  the 
post  Shore-Hills  samples,  I  eliminated  the 
Shore  Hills  data  and  ran  another  analysis. 
The  numbers  of  Figures  25  correspond  to 
the  following  samples:  Harrington,  01-05; 
Pembroke,  06-09;  St.  George's,  10-13; 
Southampton,  14-17.  As  in  P.  cupula  plots 
of  Chapter  6,  relative  width  of  band  3  is 
the  only  color  variable  included;  hence, 
distinction  between  eastern  and  western 
snails  is  not  effected. 

The  St.  George's  red  soil  snails  sort  sepa- 
rately from  eolianite  samples.  Within  the 
eolianite  cluster,  Harrington  samples  (from 
an  unindurated  zone)  are  associated  at  the 
periphery  of  the  cluster,  closest  to  St. 
George's  specimens.  Samples  from  Pem- 
broke and  Southampton  dunes  are  furthest 
removed  from  the  St.  George's  snails.  Only 
the  anomalous  Spittal  Pond  St.  George's 
collection  ( number  13  —  unintentionally ) 
disrupts  the  general  trend  by  grouping 
with  the  Pembroke  snails. 

Cj   Adaptive  Significance  of  Oscillating 
Trends  in  Morphology 

To  learn  the  significance  of  this  cor- 
respondence between  morphology  and 
lithology,  we  must  discover  what  environ- 
ments these  lithologies  imply  and  see  how 
modern  pulmonates  vary  in  such  habitats. 
Red  soils  were  deposited  on  Bermuda  dur- 
ing periods  of  continental  glaciation;  dune 
building  occurred  in  interglacial  environ- 
ments (Bretz.  1960;  Land,  Mackenzie,  and 
Gould,  1967).  At  a  minimum,  the  environ- 
ment of  pulmonates  li\ing  in  red  soils  was, 
in  comparison  with  that  of  eolianites, 

a )  colder 

b)  wetter  (Bryan  and  Cady,  1934;  J. 
Chase  and  A.  Maclntyre,  personal  com- 
munication ) 

c)  poorer  in  available  calcium  for  shell 
building.  Bcrmudian  dunes  are  composed 
of     calcareous     organic     fragments.     The 
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Figure  25.  Plot  on  varimax  axes  for  all  post-Shore  Hills  P.  bermudemis  zonatus  (minus  Ireland  Island  St.  George's,  for  which 
only  5  specimens  were  available).  Upper  circle  includes  all  Pembroke  samples  and  the  anomalous  Spittal  Pond  St.  George's. 
Lower  circle   includes  all   Harrington  samples.     'Normal"   St.  George's  at  bottom. 
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CaCOo  content  of  eolianites  and  imindu- 
rated  zones  ranges  from  92.6  to  99.3  per 
cent  (Ruhe  ct  al,  1961).  Sayles  (1931) 
determined  the  CaO  content  of  a  deep  red 
phase  and  "pink  variant"  of  the  St.  George's 
soil  as  3.13  and  50.31  per  cent,  respectively. 
Ruhe  et  al.  ( 1961 )  obtained  values  as  low 
as  1.9  per  cent  for  the  CaCOs  content  of 
red  soils. 

The  effect  of  these  factors  on  pulmonate 
shells  has  provoked  some  interest  and  a 
widely  scattered  literature: 

a)  effect  of  temperature: 

i)  on  maximal  size:  Likhachev  and 
Rammel'meier  (1952:  27)  note  that  north- 
ern land  molluscs  of  the  USSR  tend  to  be 
small.  McGuire  ( 1966),  on  the  other  hand, 
has  stressed  the  adaptive  advantages  of 
large  size  at  low  temperatures.  Most  pul- 
monate workers  are  agreed  that  each  form 
tends  to  have  a  temperature  optimum 
above  or  below  \\hich  maximum  size  de- 
creases. Rensch  (1932)  found  that  several 
European  species  were  characteristically 
smaller  in  regions  of  higher  annual  temper- 
ature. Since  we  cannot  kno\\'  the  optima 
of  extinct  taxa,  the  effects  of  temperature 
cannot  be  inferred.^ 

ii)  on  shell  thickness:  J.  W.  Taylor 
(1900)  and  Likhachev  and  Rammel'meier 
( 1952 )  noted  a  relationship  between  colder 
temperatures  and  thin  shells,  but  Rensch 
(1932)  could  find  no  correlation  between 
relative  shell  weight  and  temperature  in  his 
study  of  several  European  genera. 

b)  effect  of  precipitation: 

i)  on  maximal  size:  Rensch  (1932: 
758)  cites  a  large  number  of  studies  which 
indicate  that  local  populations  living  in 
drier  climates  tend  to  reach  smaller  adult 
sizes  than  those  of  the  same  species  in 
wetter  regions.  Geyer  ( 1927,  quoted  in 
Rensch,  1932:   778)   proposed  that  longer 


'  Unfortunately,  the  size  at  a  wliorl  criterion 
has  never  been  used  in  environmental  studies  of 
recent  puhnonates.  Work  has  been  virtually  con- 
fined to  heHcids  and  other  groups  with  definite 
achilt  sizes.  Adult  size  alone  has  l^een  studied  in 
relation  to  cHmatic  factors. 


feeding  periods  between  diapauses  in  areas 
of  high  rainfall  tended  to  produce  larger 
and  thinner  shells. 

ii)  on  shell  thickness:  Geyer's  con- 
clusion has  already  been  cited.  Of  all 
correlations  between  morphology  and  en- 
vironment, Rensch  ( 1932 )  found  the 
strongest  to  be  that  of  increased  shell 
thickness  with  augmented  solar  illumina- 
tion of  dry  climates. 

c)  effect  of  calcium  availability: 
Many  authors  have  stressed  the  corre- 
lation of  pulmonate  distribution  patterns 
\\\\h  the  presence  of  limestone  outcrops. 
In  calcium-poor  areas  of  Czechoslovakia, 
Lozek  ( 1962 )  has  found  snails  crowded  on 
the  ruins  of  medieval  castles  and  churches 
where  disintegrating  mortar  furnishes  a 
source  of  lime.  Talmadge  (1967)  corre- 
lated the  abundance  of  coastal  land  snails 
with  the  distribution  of  lime  in  drift  shells, 
guano,  subfossil  marine  shells,  and  Indian 
middens.  On  acidic  islands  off  Nova  Scotia, 
Ccpaca  ])0)ic'nsis  obtains  its  lime  from 
shells  dropped  by  gulls  (Bleakney,  1966). 
Many  pulmonates  are  dependent  upon 
direct  ingestion  of  limestone  for  the  con- 
struction of  their  shells.  Murello  murella 
sicona  bores  holes  in  limestone  and  incor- 
porates the  ingested  material  (which  may 
comprise  more  than  90  per  cent  of  the  gut 
contents)  into  its  shell  (Rensch,  1932:  791- 
793).  Rensch  (1932)  grew  Miuella  murella 
illohularis  in  a  calcium-free  environment; 
the  shells  produced  \^'ere  paper  thin  and 
the  animals  died  before  they  were  half 
grown.  Snails  so  deprived  of  calcium  will 
often  eat  emptv  shells  (Rensch,  1932:  790; 
Smith.  1966:  248). 

Oldham  investigated  the  relationship  be- 
tween calcium  axailability  and  shell  thick- 
ness for  several  genera  (1929,  1934).  In 
one  experiment,  young  Helix  aspersa  of 
the  same  size  were  divided  into  two  groups, 
one  fed  on  cabbage,  oatmeal,  and  chalk, 
the  other  on  cabbage  and  oatmeal  alone. 
One  year  later,  the  shells  were  approxi- 
mately the  same  size,  but  those  of  animals 
whose  diet  included  chalk  were  4.5  times 
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as  heavy.  Other  references  to  the  positive 
corrc^lation  of  shell  thickness  \\ith  calcinm 
availability  inclnde  Bo\cott  (1934),  Rob- 
ertson (1941),  Schmidt  (1955),  and  Frank 
and  Meyling  (1966). 

An  impressive  array  of  independent 
phyletic  events  in  P.  (Poecilozonites) 
points  to  the  conclusion  that  calcium  avail- 
abilit\-  is  the  controlling  factor  of  shell  and 
callus  thickness: 

1.  P.  ncJsoni:  a  thin-shelled  subspecies 
lived  in  red  soils;  the  eolianite  subspecies 
has  a  thick  shell  and  strong  callus. 

2.  P.  superior:  the  shell  is  thin  in  P.  .s. 
superior  from  the  Shore  Hills  red  soil  and 
thick  in  P.  s.  arenicolus  from  Harrington- 
Pembroke  eoHanites. 

3.  Shell  and  callus  thickened  in  the  tran- 
sition from  Shore  Hills  to  Harrington  and 
again  in  the  passage  from  St.  George's  soil 
to  Southampton  eolianite  in  both  eastern 
and  western  stocks  of  P.  bermudensis 
zonatus  (up  to  four  independent  events). 

4.  The  most  paedomoq^hic,  and  there- 
fore the  thinnest  shelled,  subspecies  of  P. 
bermudensis  evolved  in  red  soils  (P.  b. 
fasoiti  and  P.  b.  bermudensis). 

5.  The  single  eolianite  sample  of  red-soil, 
thin-shelled  P.  n.  nelsoni  is  thick  shelled; 
the  single  red-soil  sample  of  eolianite, 
thick-shelled  P.  s.  arenicolus  is  thin  shelled. 

6.  The  most  vigorous  dune  development 
in  Bermuda  occurred  during  Southampton 
times  on  the  southwest  portion  of  the  main 
island.  Shell  and  callus  thickness  of  P.  /;. 
zonatus  from  these  eolianites  (Sand  Quar- 
ries, locality  73,  and  Horseshoe  Bay,  lo- 
cality 75)  exceed  that  of  all  other  samples. 

7.  Modem  P.  b.  bermudensis  living  on 
exposures  of  the  ancient  red  soils  (Bio- 
station,  locahty  78,  and  Perfume  Factor\-, 
locality  82)  have  thinner  shells  than  those 
living  on  weathered  eolianite  (Church 
Ruins,  locality  79,  and  Crawl  Point,  localitv 
81). 

More  intriguing  perhaps  than  the  sheer 
\olume  of  reported  instances  are  the  "mul- 
tiple solutions'"  utilized  b\-  different  taxa 
to    obtain    the    required    adaptation:    two 


long-ranging  subspecies  in  P.  nelsoni  and 
P.  su))erior,  branching  of  peripheral  isolates 
by  pa(>domorph()sis  in  P.  Jjermudensis,  and 
zigzag  lluctuatiuns  in  the  central  stock  of 
P.  b.  zonatus. 

In  conclusion,  the  effects  of  temperature 
cannot  be  deteiTnined.  Wetter  climates 
might  induce  larger  and  tliinner  shells. 
Thin  shells  will  be  built  when  the  calcium 
supply  is  limited.  Since  the  inferred  red- 
soil  environment  is  colder,  wetter,  and 
calcium-poor,  the  larger  size  and  thinner 
shells  of  its  snails  confonn  to  the  expected 
correlations.  The  major  temporal  vari- 
ations of  morphology  in  the  P.  b.  zonatus 
stock  are  adaptive  in  nature. 

Oscillating  trends  in  morphology  cor- 
respond to  selective  pressures  of  fluctuating 
environments,  but  this  observation  does  not 
permit  an  answer  to  what  Mayr  and  Rosen 
called  "the  first  question"  in  their  work 
on  geographic  \ariation  in  Cerion:  "The 
first  question  is  to  what  extent  the  differ- 
ences between  populations  have  a  genetic 
basis,  or  reciprocally  to  what  extent  the 
phenotvpe  of  a  colony  is  modified  by 
the  effects  of  the  local  environment" 
(Ma\T  and  Rosen,  1956:  42).  Limited  sup- 
plies of  calcium  evoke  selective  pressures 
fa\oring  genetic  combinations  that  pro- 
duce thin  shells,  but,  as  Oldham  ( 1929, 
1934 )  showed,  thin  shells  may  also  be 
a  simple  phenotypic  response  to  lack  of 
building  materials;  the  same  adaptive 
feature  may  be  produced  by  either  route. 
When  moiphology  alone  is  available  as 
evidence,  it  may  be  impossible  to  infer  the 
genetic  basis  of  infraspecific  variation. 

Several  guides  often  employed  by 
paleontologists  to  distinguish  genetic  from 
non-genetic  variation  are  fallacious.  Mc- 
(kiirc  (1966:  895)  writes  of  "nongenetic 
responses  or  reversible  adaptations  to 
local  conditions,"  but  phenotypic  results 
of  genetic  responses  involving  general 
measures  of  size  and  shape  are  readily 
reversible  (Dollo's  law,  a  consequence  of 
probability  theor\',  increases  in  applica- 
bility   as    structures    become    complex — 
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Gould,  in  press ) .  The  absence  of  definable 
trends  has  been  taken  as  an  indication  of 
non-genetic  variability:  "Faunas  at  each 
level  may  be  morphologically  defined, 
but  iew  consistently  maintained  evolution- 
ary trends  have  been  observed.  Shell 
form  seems  particularly  subject  to  indepen- 
dent, and  probably  phenotypic  variation" 
(House,  1965:  79);  but  the  complexity  of 
selective  pressures  in  intricately  fluctuat- 
ing environments  may  produce  a  pattern 
of  geneticalh'-based  variation  that  seems 
random.  The  Bermudian  en\ironment  ap- 
proaches the  simple  model  of  a  two- 
state  oscillation;  adaptive  morphological 
responses  are  similarly  uncomplicated. 

This  inability  to  distinguish  genetic  from 
non-genetic  variation  has  been  perceived 
as  a  major  dilemma  by  students  of  pul- 
monates  (Welch,  1958,  on  geographic  vari- 
ation in  Achotinella;  Rensch,  1932,  on  the 
albinism  of  xerophiles).  It  has  bothered 
many  other  evolutionists  (Best,  1961,  on 
the  spacing  of  axial  tubercles  in  the  trilo- 
bite  Encrinunis  onmtus;  Mitra,  1958,  on 
basic  shape  ratios  in  the  brachiopod 
Gonioihynchia  boueti:  Jolicoeur,  1959,  on 
geographic  variation  in  modern  North 
American  wolves;  and  Nichols,  1962,  on 
local  populations  of  the  heart  urchin 
Echinocardium  cordatum  in  the  British 
Isles).  In  each  of  these  instances,  morphol- 
ogy was  found  to  be  well  adapted  to  a 
geographic  pattern  of  enx'ironmental  vari- 
ation. In  P.  b.  zonafus,  temporal  \ariation 
of  enviromnents  elicits  an  adaptive  re- 
sponse, and  I  am  equally  unable  to  assess 
the  contributions  of  genetic  and  non-genetic 
factors  to  these  adaptations.  The  extent 
of  morphological  alteration  is  not  incon- 
sistent with  a  purely  phenotypic  response, 
but  the  temporal  duration  of  each  succes- 
sive moqohological  stage  might  lead  to  the 
implication  that  some  genetic  modification 
is  involved.  Regardless  of  the  basis  of 
the  change,  however,  oscillations  of  en- 
viromnent  elicit  adaptive  morphological 
responses  (directly  or  indirectly);  the  re- 
lationship  of   climate   and   morphology   in 


the    ph>letic    history    of    P.    bermudensis 
zonatiis  is  affirmed. 


X.    INTERSPECIFIC   HYBRIDIZATION 
P.   iPOECILOZONITES) 


IN 


Carlquist  (1966:  263)  Hsts  the  following 
among  his  principles  of  island  evolution: 

"Natural  hybridization  acquires  a  positive 
\alue  in  e\olution  of  the  waif  biota." 
Cut  off  from  the  inflow  of  new  genetic 
material  by  oceanic  barriers  and  limited 
in  population  size  by  the  area  of  small 
islands,  extensive  interspecific  hybridiza- 
tion provides  an  advantageous  mechanism 
for  the  dispersion  of  genetic  variability. 
Maximization  of  outcrossing  is  common 
among  plants  of  waif  biotas  (Carlquist, 
1966). 

Interspecific  hybridization  is  fairly  com- 
mon in  pulmonates.  Cooke  ( 1931 )  found 
four  hybrid  colonies  of  CarieUa  in  bound- 
ary zones  between  species.  Lang  ( 1908 ) 
described  hybrids  of  Cepaea  nemoraJis  and 
C.  hortensis.  In  other  cases  ( Pilsbry,  1912; 
Mayr  and  Rosen,  1956),  the  status  of 
colonies  intermediate  bet\\'een  two  popu- 
lations is  difficult  to  assess  because  the 
taxonomic  separation  of  parental  forms  has 
not  been  adequately  ascertained:  "The  [in- 
creased] variability  [of  intermediate  col- 
onies] is  either  due  to  true  introgression 
(gene  exchange  between  species)  or  due 
to  gene  flow  among  well-differentiated 
allopatric  populations  of  the  same  species" 
(Ma\r  and  Rosen,  1956:  1). 

Three  potential  cases  of  interspecific 
hybridization,  one  fairly  certain,  one  prob- 
able, and  one  possible,  have  been  detected 
between  P.  bermudensis  and  P.  cupula. 

1.  Bus  Stop,  locality  3:  Shore  Hills  and 
Harrington  snails  exposed  in  a  road  cut  at 
the  first  bus  stop  northwest  of  Flatts^  on 


^  This  area  is  topographically  abo\e  tlie  upper 
limit  of  Devonshire  seas.  Deposition  was  continu- 
ous throughout  the  Shore  Hills-IIarrington  inter- 
val; the  inception  of  Harrington  conditions  is 
indicated  by  an  infhix  of  carbonates  diluting  tlie 
deep  red  Shore  Hills  to  a  pink  hue. 
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Table   13.     Analysis  of  variance  for  variables   significant  at  5%  level  among  three  groups 

constructed  from  hybrid  bus  stop  sample 


Mean  of 

Mean  of 

Mean  of 

hermudensis 

Interme- 

cupula 

Variable 

F  Value 

Like 

diate 

Like 

Relati\e  width  of 

liand  2  at  4th  whorl 

83.81 

0.845 

0.710 

0.430 

Relatixe  width  of 

band  2  at  5th  whorl 

46.19 

0.841 

0.732 

0.498 

Relati\e  width  of 

band  3  at  5th  whorl 

26.80 

0.318 

0.246 

0.221 

Initial  form  index 

6.49 

0.199 

0.242 

0.216 

Total  height  plus  total  width 

4.75 

28.05 

28.29 

31.12 

Length  of  apertme 

4.45 

8.24 

8.09 

9.06 

Height  of  apertnre 

3.96 

6.36 

6.55 

7.10 

Height  at  2nd  whorl 

3.36 

0.937 

1.075 

1.017 

the  road  to  St.  George's  lack  a  callus  as  in 
P.  cupula  but  seem,  for  the  most  part,  mter- 
mediate  in  shape  between  P.  hermudensis 
zonatus  and  t\pical  P.  cupula  cupula.  A 
complete  and  even  intergradation  in  band- 
ing pattern  from  the  cupula  12"3  type  with 
sharp  band  margins  to  the  zonatus  123  with 
diffuse  margins  is  found  among  the  shells 
of  this  hybrid  population  ( PI.  5,  figs,  la- 
Ic). 

I  selected  from  the  sample  three  groups 
of  10  specimens,  basing  discrimination  en- 
tireh'  upon  the  width  and  marginal  defi- 
nition of  bands  1  and  2.  F  tests  were 
perfonned  on  each  variable  for  the  three 
groups  (most  cupuhi-\ike,  most  zonatus- 
like,  and  intermediate);  Table  13  presents 
a  chart  of  all  variables  in  which  significant 
differences  were  detected  at  the  5  per  cent 
level  among  groups. 

Tlie  probability  ot  among-group  differ- 
ences in  color  measures  exceeds  by  a 
thousand  fold  that  of  any  size  or  shape 
measure.  This  is,  of  course,  primarily  an 
artifact  of  the  criterion  used  to  define 
groups,  but  the  reality  of  far  greater  color 
variability  can  be  glimpsed  by  considering 
the  total  observed  range  of  values  implied 
by  within-group  means.  Population  vari- 
ability is  average  for  the  highly  polygenic 
characters  of  size  and  shape  and  abnor- 
mally high  for  color  measures,  which,  by 
analogy  to  studies  of  banding  in  modern 


pulmonates,  have  a  simple  genetic  basis. 
Mayr  and  Rosen  (1956)  observed  a  similar 
phenomenon  in  hybrid  populations  of 
Cerion.  "Although  hybridization  does  not 
necessarily  lead  to  an  appreciable  increase 
of  phenotypic  variability,  as  shown,  for 
instance,  in  the  case  of  such  highly  multi- 
factorial characters  as  size,  there  will  be  an 
increase  in  variabilit\'  for  characters  with 
an  oligogenic  basis.  This  has  in  fact  been 
shown  in  all  known  cases  of  hvbridization" 
(Mayr,  1963:   131). 

Statistically  significant  differences  in 
three  non-standardized  variables  (final 
size,  length  of  aperture  and  height  of 
aperture)  have  no  biological  significance. 
They  are  artifacts  of  the  circumstance  that 
four  of  the  measurable  cupula-WVe  speci- 
mens were  among  the  absolutely  largest 
shells  of  the  population  (several  zonatus- 
like  specimens  \\'hich  could  not  be  mea- 
sured due  to  protoconch  injury  are  even 
larger).  Significant  differences  in  initial 
form  inde.x  and  height  at  the  second  whorl 
are  referable  to  a  common  factor.  As  ex- 
pected, early  whorl  heights  of  ctiptdaAikc 
shells  exceed  those  of  zonatus-\ike  individu- 
als, but  the  values  for  intermediate  speci- 
mens surpass  all  others,  bi  his  study  of 
interspecific  hybrids  of  Cepaea  nenioralis 
and  C.  hortensis,  Lang  (I90S)  found  that 
while  most  characters  were  intermediate 
with    respect    to    parental    forms,    average 
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values  for  some  measures  exceeded  that  of 
either  x^iogenitor.^ 

2.  Fort  Scaur,  locahtv  69:  Abnormallv 
high-spired  shells  displaying  most  char- 
acteristics of  western  P.  h.  zonatus  are 
found  in  a  bro\\'nish  soil  of  unknown  age 
exposed  on  the  main  road  at  Fort  Scaur. 
(\A^idth  height  at  fifth  whorl  =  0.89;  low- 
est for  normal  P.  /;.  zonatus  is  1.14.  Dif- 
ferential growth  ratio  and  initial  form  index 
are  2.44  and  .326,  respectively,  both  ex- 
ceeding any  P.  h.  zonatus  value. )  Although 
spires  of  such  height  are  known  only  in 
two  P.  cupula  subspecies,  I  would  ascribe 
the  Fort  Scaur  values  to  convergence  were 
it  not  for  the  observation  that  some  speci- 
mens of  this  population  exhibit  the  02"3 
pattern  (PI.  5,  fig.  2),  unknown  in  P.  hev- 
mudensis  but  found  as  the  most  common 
morph  in  both  high-spired  P.  cupula  sub- 
species (P.  c.  dalli  and  P.  c.  midfispira). 
(Most  Fort  Scaur  shells  have  a  strong  cal- 
lus and  the  023  band  pattern.) 

3.  South  Shore  local  populations  of  P. 
cupula  cupula:  These  shells,  which  are 
"pure"  P.  cupula  in  the  lack  of  a  parietal 
callus  and  invariable  presence  of  the  12"3 
band  pattern,  are  unlike  typical  local  popu- 
lations of  P.  cupida  cupula  and  strikingly 
similar  to  P.  hcrmudcnsis  zonatus  in  gen- 
eral measures  of  size  and  shape.  Although 
some  introgression  may  be  involved,  the 
ascription  to  convergence  of  size  and  shape 
similarities  between  these  shells  and  P.  h. 
zonatus  seems  more  reasonable,  since  no 
color  intermediates  are  known.  The  most 
probable  case  of  interspecific  hybridization 
in  Poecilozonites  involves  the  same  local 
populations  and  is  characterized  by  com- 
plete intergradation  of  color  patterns. 

Geographic  distribution  of  the  species 
of  P.  (Poecilozonites)  is  consistent  with 
hypotheses  of  hybridization.   P.  nelsoni  and 


^  Also  relevant  to  this  case  is  Lang's  observation 
( 1908 )  tliat  the  mouth  coloring  of  hybrids  was 
indistinguishable  from  tliat  of  C.  nemoralis.  Ab- 
sence of  a  parietal  callus  (a  P.  cupula  feature)  in 
all  Bus  Stop  shells  is  consistent  witli  the  inter- 
pretation that  tliey  are  hybrids. 


P.  cupula,  often  found  in  association,  never 
h\bridize;  P.  cupula  and  P.  hcrmudcnsis 
zonatus  had  different  ecologic  preferences, 
for  although  their  areas  of  distribution 
overlap  extensively,  the  two  species  are 
never  found  as  such  at  the  same  locality. 
When  unusual  circumstances  brought  the 
two  species  into  direct  contact,  hybrids 
seem  to  have  been  produced. 

In  order  to  assess  the  relative  similarity 
of  proposed  hybrids  to  measured  samples 
of  the  parental  species,  a  Q-mode  factor 
anah'sis  was  performed  on  the  matrix  of 
means  of  all  samples  of  the  t\vo  species 
(Appendix  3).  This  is  a  comparison  of 
form  alone;  all  color  variables  were  elimi- 
nated, since  the  identification  of  hybrids 
and  the  discrimination  of  species  is  based 
primarily  on  color — i.e.,  we  know  that  color 
will  effect  a  distinction  and  wish  to  dis- 
cover the  diagnostic  capacities  of  a  multi- 
variate consideration  of  form.  Numbers 
1-36  of  Figure  26  represent  the  same  sam- 
ples (of  P.  hcrmudcnsis)  as  in  Figures  17-19 
( description  in  Chapter  8) .  Numbers  37-57 
as  follows: 

Proposed  hybrids: 

1)  Bus  Stop  local  population:  57 

2)  Fort  Scaur  local  population:  56 

3)  South  Shore  local  population  of  P. 
c.  cupula:  37-43 

P.  cupula: 

4)  P.   c.   cuj)ula:   Gibbet   Island   local 
population:  44 

5)  P.   c.   cupula:  Whitby  local  popu- 
lation 45 

6)  P.    c.    cupula:    Walsingham    local 
population:   46 

7)  P.  c.  frian^idaris:  Pink  Beach  Road 
local  population:  47 

8)  P.  c.  trian<:ularis:  Devil's  Hole  local 
population:  48 

9)  P.  c.  cupuloidcs:  Quarry  Road  local 
population:  49.  50 

10)  P.  c.  cupuloidcs:  Coney  Island  local 
population:  51 

11)  P.  c.  cupuloidcs:  Bird's  Nest  local 
population :   54 
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Figure  26.      Plot  on  varimax  axes  for  all    measured   samples  of  P.  cupula  and  P.  bermudensis  (see  text  for  explanation).    AA 
stands  for  07  and  10,  BB  for  16,  24,  and  36,  CC  for  31   and  32,  DD  for  26  end  33,  EE  for  37  and  41. 
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12)  P.    c.    cupuJoidcs:    Surf    Bay    local 
population:  55 

13)  P.  c.  multispira:  St.  David's  Island 
local  population:  52 

14)  P.    c.    (MU:    Albuoy's    Point    local 
population:  53. 

Sample  projections  on  the  first  and 
second  axes  of  a  5-axis  solution  assume 
a  fairly  strong  upper  left  to  lower  right 
orientation  (Fig.  26),  in  which  several 
clusters  are  clearly  delineated.  (The  basi- 
cally linear  orientation  is  better  seen  in  a 
2-axis  solution,  which  still  accounts  for  95.7 
per  cent  of  the  total  information.)  At  the 
lower  extreme  of  the  distribution  are  found 
the  smallest'  and  highest-spired  forms  (P. 
c.  dalli  and  P.  c.  multispira):  at  the  upper 
extreme,  the  largest  and  lowest-spired  (the 
paedomorphs  P.  /;.  sic^mitndi,  P.  h.  sicp,- 
lindae,  and  P.  /;.  hermudensis).  When  the 
array  is  separated  into  components  by  con- 
struction of  lines  normal  to  the  trend,  the 
following  groups  are  defined  (from  lower 
right  to  upper  left;  solid  lines  separate 
clusters,  dotted  lines  are  arbitrarv  divisions 
of  a  single  cluster) : 

a)  (Letters  a-g  refer  to  areas  marked 
on  Fig.  26).  P.  c.  dalli,  smallest  and  high- 
est-spired of  all  P.   (Poccilozonifcs). 

b)  P.  c.  multispira,  slightly  larger  at  a 
whorl,  slightly  less  in  spire  height.  (The 
fact  that  P.  c.  multispira  attains  a  large 
size  by  uniquely  high  whorl  number  does 
not  enter  the  analysis,  since  P.  cupula 
samples   are   standardized   at   5-'.s   whorls.) 

c)  All  other  P.  cupula  with  the  exception 
of  possible  hybrids  and  the  Devil's  Hole 
local  population  of  P.  c.  trianp,ularis. 

d)  i)  All  proposed  hybrids  between  P. 
cupula  and  P.  hermudensis. 

ii)  Dexil's  Hole  local  population  of 
P.  c.  trianiiidaris  (lowest-spired  of  all  P. 
cupula,  third  largest  among  non-hybrids). 

iii)  The  three  smallest  samples  of  P. 
hermudensis  zonatus,  all  from  the  Shore 
Hills  Formation  (Nos.  2-4). 


^  Smallest  in  size  at  a  whorl.  Tiiis  is  a  standard- 
ized matrix  in  which  the  effects  of  absolute 
magnitude  are  removed. 


e)  ^^Mth  the  exception  of  the  samples  in 
group  d,  the  smallest  P.  hermudensis  popu- 
lations. 

i)  The  largest  Shore  Hills  P.  her- 
mudensis population  (P.  h.  zonatus  from 
Government  Quarry,  locality  5). 

ii )  The  lowest-spired  Shore  Hills  P. 
hermudensis  population  (P.  h.  fasolti  from 
Tom  Moore's  Caves,  locality  53). 

iii)  The  smallest  St.  George's  popu- 
lations of  P.  h.  zonatus. 

f)  "Normal"  P.  hermudensis  zonatus. 

i)  All  eolianite  samples  of  P.  /;.  zon- 
atus. 

ii)   The   largest   St.   George's   samples 
of  P.  /;.  zonatus. 

iii)  The  smallest  and  highest-spired 
paedomorphs  (5  of  6  samples  of  modern 
P.  /;.  hermudensis). 

g)  P.  hermudensis  paedomoiphs:  All 
paedomorphic  P.  ])ennudensis  samples  with 
the  exception  of  the  small  P.  h  fa.soiti  and 
the  hipji-spired  modern  P.  /;.  hermudensis. 
The  single  modern  sample  of  P.  h.  her- 
mudensis of  this  group  (Crawl  Point,  lo- 
calit\-  81)  is  the  lowest-spired  and  next-to- 
largest  of  recent  forms. 

Thus,  the  standardized  measures  of  size 
and  shape  control  patt(>rns  of  relati\'e  simi- 
larity among  samples.  The  extreme  samples 
are,  respectively,  the  smallest  and  relatively 
highest  form  and  the  largest  and  lowest- 
spired.  Progression  within  the  array  is 
completely  compatible  with  this  interpre- 
tation; no  exceptions  to  the  even  transition 
from  small,  high-spired  to  large,  low-spired 
forms  are  found.  All  proposed  hybrids 
occup\'  a  "buffer  zone"  in  the  array  of  form, 
separating  all  P.  cupida  from  all  P.  her- 
mudensis. 

XI.    CONCLUSION 

To  many  medieval  thinkers,  man  was  a 
microcosm  of  the  creation,  "the  complete 
abridgement  of  the  whole  universe  .  .  . 
a  li\ing  emblem  and  hierogliphick  of 
eternity  and  time"  (Jacob  Boehme,  quoted 
in    Adams,    1938:    67).     Needless    to    say, 
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the  Bemiudian  t>\()luti()nar\-  microcosm  ex- 
hibits not  nearly  so  complete  a  corr(>spond- 
ence  to  its  macrocosm  of  the  total  histor\- 
of  life  on  earth.  As  I  have  learned  from 
my  work  on  allometric  growth,  increase 
in  size  is  sufficient  in  itself  to  exj^jose 
organisms  to  new  sets  of  forces  requiring 
new  adapti\e  responses.  So  foreign  to  our 
experience  are  the  forces  goxerning  a 
bacterium's  world,  that  D'Arcy  Thompson 
concludt'd  his  famous  chapter  "On  Magni- 
tude" with  these  words  (1942:  77):  "The 
predominant  factors  are  no  longer  those  of 
our  scale;  we  have  come  to  the  edge  of  a 
world  of  which  we  have  no  experience,  and 
where  all  our  preconceptions  must  be  re- 
cast." 

Man\-  phenomena  of  the  Bermudian 
microcosm  represent  processes  which  are 
important  in  micro-evolutionary  events  but 
of  little  significance  in  the  long-term  phy- 
letic  histor\  of  major  lineages.  Random 
e\olutionar\'  change — the  proposed  initi- 
ation of  infraspecific  di\ersity  in  P.  cupula 
according  to  the  founder  principle — does 
not  produce  the  adaptive  and  progressive 
changes  in  form  that  characterize  the  e\"0- 
lutionary  history  of  higher  taxa.  In  another 
example,  morphological  adaptations  in  the 
phyletic  history  of  P.  h.  zonatus  may  be 
purely  phenotypic;  trends  in\ol\'ing  much 
longer  time  spans  and  more  profound  alter- 
ations of  form  \\  ill  always  have  a  genetic 
basis.  In  more  general  terms,  micro-e\olu- 
tionary  studies  focus  on  the  production  of 
di\ersit\"  in  response  to  isolation  and  en\i- 
ronmental  differences.  The  extrapolation  of 
these  emphases  leads  to  a  "species  diver- 
gence model,"  which  \  iew  s  the  evolution  of 
higher  taxa  as  a  simple  extension  of  micro- 
cosmic  processes  of  speciation — i.e.,  the 
higher  taxon  is  viewed  as  a  larger  branch  on 
the  traditional  tree,  the  boughs  and  branches 
of  which  continually  diverge.  This  extrapola- 
tion does  not  give  sufficient  emphasis  to  the 
massive  parallelism  and  trends  toward  in- 
creased mechanical  efficiency  that  proceed 
in  a  relatixely  constant  physical  en\iron- 
ment.   These  are  major  determinants  of  pat- 


terns in  transspecific  evolution  but  have 
little  relevance  to  phenomena  of  infraspe- 
cific xariation. 

In  spite  of  this,  the  microcosm  is  a  proper 
place  to  begin,  for  only  here  can  the  vari- 
ables be  sufficient!}  h'rnitt>d  to  permit  an 
unambiguous  tracing  of  actual  evolutionary 
liistories  rather  than  possible  structural 
sequences  (which  alwa\s  invoKe  the  ap- 
plication of  a  priori  hypotheses  concerning 
the  most  probable  routes  of  evolutionary 
change).  Moreover,  some  aspects  of  the 
histor\'  of  Poecilozonites — in  particular, 
the  four-fold  iterative  paedomorphosis  of 
P.  J)crmudcnsis — involve  the  repetitive 
occurrence  of  adaptive  events,  an  outstand- 
ing feature  of  the  macrocosm  not  often 
recorded  at  the  level  of  infraspecific  di- 
versity. These  repetitive  events  have  a 
special  importance  in  paleontology  that  is 
not  often  realized.  Paleontologv,  when  it 
deals  with  the  documentation  of  phylogeny, 
operates  in  the  realm  of  history.  Simpson 
notes  that  "historical  events  are  unique, 
usually  to  a  high  degree,  and  hence  cannot 
embodv'  laws  defined  as  recurrent  re- 
peatabie  relationships"  (1963:  29).  But 
histor\  becomes  scientific  when  induc- 
tive generalizations  are  derived  from 
series  of  events  by  the  extraction  of  re- 
petitive aspects  from  their  integral  unique- 
ness. By  establishing  a  role  for  induction 
in  history,  repetitive  occurrence  leads  to 
the  formulation  of  laws;  this  is  the  major 
contribution  of  parallelism,  convergence, 
and  iteration  to  the  explanation  of  e\"0- 
Kitionary  events — for  explanation  inxohes 
subsumption  of  observed  conditions  under 
general  law  s.  As  Harris  and  Morren  ( 1966: 
127)  ha\e  noted  for  the  related  field  of 
sociocultural  exolution:  "Convergences  and 
parallelisms  .  .  .  are  the  prime  source  of 
evidence  for  the  existence  of  regular  and 
lawhil  selective  processes  in  sociocultural 
evolution.  In  them  reside  the  chief  natural 
substitute  for  laboratory  controls  and  the 
greatest  hope  lor  the  formulation  of  oper- 
ationally \alid  theories  of  sociocultural 
causation." 
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To  obtain  the  detail  required  for  un- 
ambiguous documentation  of  evolutionary 
events,  we  sacrifice  the  extensive  time, 
geography  and  morphological  change  of 
major  chapters  in  the  history  of  life.  An 
expert,  it  is  said,  is  one  who  knows  more 
and  more  about  less  and  less.  Our  hope, 
ho\\'ever,  is  that  such  limitation  will  enable 
us  to  establish  general  principles  which, 
although  undiscoverable  in  the  "more  and 
more"  of  space,  time,  and  morphology,  are 
applicable  to  it. 

XII.    SUMMARY  OF  ARGUMENTS 

1.  Introduction 

la.  The  extreme  limitation  of  time  and 
space  attained  in  stud>'ing  the  Bermudian 
Pleistocene  eliminates  many  confusing  vari- 
ables that  usually  hinder  evolutionary 
interpretations. 

lb.  If  the  operation  of  evolutionary  proc- 
esses in  time  is  the  object  of  study, 
chronologic  placement  of  a  time  segment 
is  of  no  special  importance.  The  Pleisto- 
cene presents  several  advantages  based  on 
good  preservation  and  usual  persistence  of 
species  in  the  modern  fauna. 

Ic.  Previous  studies  of  Pleistocene  pul- 
monates  have  failed  to  provide  evidence  for 
evolutionary  events  other  than  extinction. 
This  is  probably  an  artifact  of  confining 
studies  to  the  specific  level.  Infraspecific 
patterns  of  variation  must  be  considered. 

2.  Geologic  and  Biological  Background 

2a.  The  stratigraphic  column  of  Pleisto- 
cene Bermuda  is  an  alternating  sequence 
of  interglacial  carbonates  (dunes  and 
shallow  water  limestones)  and  glacial  red 
soils.  Snails  are  most  common  in  red  soils 
and  unindurated  zones  of  the  eolianites. 

2b.  At  the  peak  of  its  Pleistocene  di- 
versity, Poecilozonifes  contained  three  sub- 
genera and  15  species  varying  from  5-45 
mm  in  \\'idth  and  occupying  a  broad  range 
of  ecologic  roles — a  classic  case  of  insular 
divergence  after  chance  introduction  to 
an  area  free  from  competitors.   High  stands 


of  interglacial  seas  and  the  later  introduc- 
tion of  pigs,  rats,  and  other  pulmonates  by 
man  have  reduced  this  diversity  drasti- 
cally. 

2c.  This  study  deals  \\'ith  all  taxa  of  one 
of  the  three  subgenera — P.  (Poecilozonites). 

3.  Quantification 

3a.  There  are  two  major  roles  for 
quantitative  data  in  this  study:  i)  Com- 
parisons among  variables:  Redundancies 
can  be  eliminated  and  the  causal  factors 
of  association  among  variables  (in  ontog- 
eny and  phylogeny)  inferred. 

ii)  Comparisons  among  samples:  Since 
allometry  is  so  pervasive  in  the  ontogeny 
of  these  pulmonates,  samples  can  be  prop- 
erly compared  only  when  all  the  \ariables 
characterizing  them  have  been  standard- 
ized at  a  common  size  or  whorl  number. 
The  standardized  "matrix  of  means"  pro- 
vides the  data  for  objective  multivariate 
comparisons  among  variables. 

3b.  Forty-four  raw  and  derived  variables 
are  defined,  including  measures  of  color 
and  thickness,  as  well  as  those  of  size  and 
external  shape.  These  allow  a  fairly  com- 
plete reconstruction  of  the  shell  from  their 
values  alone  and  should  encompass  the 
significant  dimensions  of  metric  variability. 

4.  Ontogeny  of  P.  (Poecilozonitesj 

4a.  The  ontogenetic  relationship  be- 
tween each  variable  and  shell  size  is  allo- 
metric. 

4b.  Ontogeny  of  color:  Intensity  of  color- 
ation increases  with  growth  as  the  inter- 
mittent blotches  of  early  ontogeny  coalesce 
to  form  a  band  and  the  bands  increase  in 
relative  width. 

4c.  Ontogeny  of  shape:  Allometric  trends 
in  shape  are  determined  by  several  factors 
and  may  be  complex.  The  protoconch  is 
a  nucleus  about  which  the  early  whorls 
must  be  molded.  The  primary  control  of 
later  growth  is  exerted  by  doming  of  the 
spire,  largely  produced  by  increasing  rela- 
tive height  of  the  aperture. 
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5.   Interrelationship  of  Variables 

5a.  Tlic  interrelationship  of  \ariablcs  is 
approached  by  factor  anaKsis,  which  dis- 
cerns clusters  of  variables  by  the  proj(>c- 
tion  of  their  vectors  onto  a  small  number 
of  reference  axes. 

5b.  The  following  clusters  were  obtained 
in  an  8-a.\is  solution  for  a  P.  hermudensis 
sample  from  locality  5  (25  specimens,  45 
variables,  size  range  23.2-37.8  mm):  size 
(most  non-standardized  raw  variables), 
form  ratio,  standardized  widths  and  heights, 
color. 

5c.  Successive  reduction  of  factor  axes 
produces  a  hierarchy  of  relative  size  in- 
dependence. More  and  more  variables  are 
incorporated  into  the  size  cluster  (even 
standardized  widths  are  weakly  related 
to  size)  until,  in  a  2-axis  solution,  only 
standardized  heights  retain  their  separate 
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5d.  Ten  other  analyses  yield  similar 
results.  The  smaller  the  size  range  of 
the  sample,  the  weaker  the  controlling 
influence  of  absolute  size  upon  variable 
interrelationships.  Several  variables  are 
redundant:  total  width  at  the  first  whorl. 
for  example,  is  always  tied  to  protoconch 
width. 

6.   Evolution  of  P.  cupula 

6a.  Three  species  of  previous  authors 
and  two  forms  that  would  have  merited 
specific  status  under  criteria  previously 
used  are  constituted  as  subspecies  of  P. 
cupida.  Each  occupies  a  unique  segment 
of  the  species'  geographic  range  and  has 
a  non-disjunct  temporal  distribution — thus 
satisfying  criteria  for  a  biological  sub- 
species. In  particularly  favorable  cases, 
the  biospecies  is  an  operational  concept  in 
paleontology. 

6b.  P.  c.  cupida,  largest  among  P.  cupula 
at  the  fifth  whorl,  probably  evolved  from 
P.  c.  cupuloides  by  stabilization  of  one 
morph  of  the  latter's  four-fold  polymor- 
phism. In  polymorphic  P.  c.  cupidoidcs, 
shells  of  this  morph  are  significantl)'  larger 
than  those  of  others.    Moreover,  shells  of 


P.  c.  cupuloides  from  populations  which 
have  stabilized  the  three  other  morphs  are 
smaller  than  those  of  P.  c.  cupula  or  of  the 
cupula-ViVv  morph  of  P.  c.  cupuloides.  This 
pervasive  correlation  of  color  and  size  sug- 
gests that  color  xariation,  often  so  difficult 
to  intc>ri:)ret  in  adaptive  terms,  may  be  a 
pleiotropie  concomitant  of  other  s(>lected 
characters. 

6c.  The  diversity  of  P.  cupula  can  be 
related  to  sea  level  changes  in  the  Pleisto- 
cene history  of  Bermuda.  The  main  period 
of  diversification  (three  new  subspecies) 
is  coincident  with  a  high  sea  stand  (plus 
five  meters)  that  dissected  Bermuda  into 
a  large  number  of  isolated  islands;  the 
extinction  of  the  species  (four  subspecies) 
is  related  to  a  higher  sea  (plus  20  meters), 
that  virtually  inundated  the  entire  land 
mass. 

6d.  The  role  of  random  evolutionary 
factors  (genetic  drift  and  the  founder 
principle)  has  been  the  focus  of  a  major 
debate  among  pulmonate  specialists.  The 
demonstration  that  selection  could  serve  as 
a  completely  sufficient  cause  of  differences 
among  populations  need  not  prove  that  it 
does  so  serve.  The  reduced  color  vari- 
ability of  one  or  a  few  chance  founders 
probably  played  a  role  in  the  stabilization 
of  morphs  in  post-Walsingham  populations 
of  P.  c.  cupuloides. 

7.   Evolution  of  the  P.  nelson!  Stock 

7a.  Of  five  subspecilic  names  available 
in  the  typological  compendium  of  shapes 
that  fomied  the  previous  classification  of 
P.  nelsoni,  four  fail  to  meet  criteria  for 
biological  subspecies.  All  lour  occur  in 
red  soils,  but  their  sporadic  distribution  in 
s]-)ace  and  lack  of  morphological  distinct- 
ness suggests  one  single,  highl\-  variable 
taxon — P.  n.  nelsoni. 

7b.  The  lifth,  P.  /;.  ccdlosus,  is  smaller, 
more  weakly  colored  and  thicker  shelled 
than  P.  n.  nelsoni.  Moreover,  it  has  a 
distinct  geographic  distribution,  being  con- 
fined to  eolianites. 

7c.  In   two   red-soil   localities,   a   closely 
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related  form  is  found  witli  P.  n.  nehoni. 
This  is  a  new  species  ( presumed  sympatr\- 
without  interbreeding) — P.  .superior  su- 
perior. This  species  also  has  a  thicker- 
shelled  and  more  weakly-colored  eolianite 
counterpart,  P.  ,s.  arenicolus.  The  P.  nel- 
soni  stock  is  composed  of  two  species,  each 
with  a  red-soil  and  an  eolianite  subspecies. 

7d.  Tlie  eolianite  subspecies  of  both 
species  share  common  features,  indepen- 
dently developed  of  course,  which  can  be 
interpreted  in  adaptive  terms.  Tlie  thick 
shell  is  related  to  the  availability  of  lime, 
while  weaker  coloration,  as  Rensch  has 
suggested,  may  better  reflect  sunlight  in 
the  highly  illuminated  white  dune  environ- 
ment, or  may  serve  a  cryptic  function. 

7e.  The  vertical  sequence  neJsoni-cal- 
losus-nelsoni  (Shore  Hills  red  soil,  Har- 
rington-Pembroke eolianite,  St.  George's 
red  soil)  does  not  represent  zig-zag  evo- 
lution, but  rather  the  incomplete  record 
of  two  subspecies  tied  to  environments 
that  migrated  back  and  forth  over  the 
Bermuda  platform  in  response  to  shifting 
sea  levels  of  the  glacial  period. 

8.   Phylefic  Branching  in  P.  bermudensis 

(Sa.  Paedomorphic  populations  of  P.  ber- 
mudensis are  found  in  four  distinct  spatio- 
temporal  regions  of  Pleistocene  Bermuda. 
They  are  essentially  scaled-up  replicas  of 
juvenile  shells  of  the  central  stock,  P.  /;. 
zonatus  (PI.  4,  figs.  1-6). 

(Sb.  Each  of  these  four  populations  rep- 
resents an  independent  episode  of  paedo- 
morphosis. 

8c.  Each  paedomorph  is  a  distinct  gen- 
etic entity,  not  a  mere  phenotypic  response 
to  a  recurrent  set  of  environmental  con- 
ditions. Each  paedomorph  has  the  geo- 
graphic distribution  of  a  peripheral  isolate, 
and  each  has  lost  genes  for  previously 
adult  features  that  could  never  be  brought 
to  phenotypic  expression. 

8d.  Paedomorphosis  has  occurred  by  a 
prolongation  of  rapid  juvenile  growth  rates 
to  later  sizes. 

Be.  The  most  intense  episodes  of  paedo- 


morphosis occurred  in  red  soils,  less  intense 
in  unindurated  zones  and  none  in  carbonate 
dunes.  Paedomorphosis  is  one  pathway 
(of  several  taken  by  various  Poecilozonites 
taxa)  to  the  development  of  thin  shells  in 
the  low  calcium  environment  of  red  soils. 

9.   Phylefic  Evolution  of  P.  bermudensis 
zonatus 

9a.  The  relationship  of  form  and  en- 
vironment in  pulmonates  has  been  a  sub- 
ject of  debate  since  Darwin's  time.  For 
reasons  related  both  to  their  ideas  of 
evolution  and  their  larger  world  view, 
Gulick  and  Crampton  denied  the  environ- 
ment a  major  role,  but  the  modern  e\olu- 
tionary  synthesis  has  reasserted  the  impor- 
tance of  en\ironment  in  setting  the  direction 
of  natural  selection. 

9b.  The  Bermudian  stratigraphic  se- 
quence reflects  a  two-stage  oscillation  of 
glacial  (red  soil)  and  interglacial  (marine 
and  dune  carbonate)  conditions.  Zig-zag 
trends  in  the  morphology  of  P.  b.  zonatus 
correspond  to  the  alternation  of  environ- 
ments (Figs.  2.3,  24).  Shells  are  thin  and 
small-at-a-whorl  in  red  soils,  thick  and 
large-at-a-whorl  in  eolianites. 

9c.  These  trends  are  the  same  as  those 
noted  for  modern  pulmonates  in  a  similar 
range  of  environments.  The  trends  are 
clearly  adaptive.  Particularly  strong  is  the 
correlation  of  shell  thickness  and  avail- 
ability of  lime  for  seven  independent  events 
in  several  taxa  of  P.  (Poecilozonites). 

9d.  It  is  one  of  the  frustrations  of  such 
work  that,  while  we  can  affirm  the  adaptive 
nature  of  a  correlation  between  climate 
and  morphology,  we  cannot  tell  whether 
we  are  dealing  with  genetically  determined 
changes  or  purel\-  phenotypic  responses. 

70.   Interspecific  Hybridization: 
P.  cupula-P.  bermudensis 

10a.  P.  cupula  and  P.  bermudensis,  al- 
though sympatric,  apparently  did  not 
occupy  the  same  habitat.  When  brought 
into  direct  contact,  the  two  species  hybrid- 
ized.    Two    populations,    intermediate    in 
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form  and  c'.\hil)iting  tb(^  complete  color 
range  from  ■"pure"  citpiila  to  "pnre"  J)('i- 
tiuiclcmis  are  interpreted  as  h)brids  (Pi. 
5). 

10b.  Two  \  arimax  factor  axes  account 
for  95.7  per  cent  of  all  information  of  all 
samples  of  the  two  species.  The  57  samples 
(each  based  on  25  standardized  \ariables) 
are  arranged  in  roughh  linear  order  vary- 
ing from  the  smallest  and  highest-spired 
form  (P.  cupula  doUi)  to  the  largest  and 
lowest-spired  (P.  hennudensis  paedo- 
morphs).  No  exceptions  to  the  even 
transition  from  one  extreme  to  the  other 
are  found  within  the  array.  All  hybrids 
occupy  a  "buffer  zone"  separating  all  P. 
cupula  from  all  P.  hermudensh. 

NOTES  ADDED  IN  PROOF 

Since  this  work  was  written  and  processed 
at  the  pace  traditionalh  identified  with  its 
zoological  subject,  I  hasten  to  add  some  new 
information  of  the  last  two  years: 

1.  The  correlation  of  wide  protoconch.  in- 
tense coloration  and  height  of  later  whorls, 
noted  and  puzzled  o\er  in  Chapter  5,  has 
now  been  affirmed  for  two  species  of  the 
subgenus  P.  (Gastrehi.sinus).  G.  Ed^nak, 
working  with  mv  assistance  but  without  mv 
prompting  ( as  I  had  (|uite  forgotten  about 
the  result),  obtained  R-mode  clusters  of 
protoconch  width,  late  heights  and  color 
flame  widths  in  both  P.  hlandi  heilprmi  and 
P.  reinianus  vanattai  (Shore  Hills  Soil,  Pros- 
pero's  Cave).  An  intensified  de\elopmental 
( metabolic? )  rate  might  produce  all  these 
features — large  protoconchs  ( in  large  eggs ) , 
strong  doming,  and  more  complete  coverage 
of  the  shell  surface  with  color  flames. 

2.  An  inference  that  I  termed  "very  spec- 
ulati\"e"  and  "tenuous"  turns  out  to  be  false. 
P.  cupula  trianiiularls  did  not  arise  at  the 
base  of  the  Harrington.  I  have  now  found 
it  in  a  Walsingham  unindurated  zone  on  the 
Air  Base  and  in  the  Shore  Hills  soil  in  the 
city  of  Hamilton. 

3.  The  morphologic  oscillations  of  P.  h- 
zonatus  in  western  Bermuda,  shown  in  Fig- 
ures 23  and  24,  were  not  well  established 


because  the  St.  George's  points  were  based 
upon  one  sample  only.  I  have  since  found 
another  exposure  of  St.  George's  soil  at  the 
south  end  of  Ireland  Island  and  am  pleased 
to  report  that  10  specimens  yield  an  average 
\alue  of  .126  mm  for  callus  thickness  and 
14.52  mm  for  size  at  fifth  whorl.  Both  are 
much  smaller  than  any  comparable  \alue  for 
any  eolianite  sample  of  P.  b.  zonatus. 

4.  A  stud\  of  microgastropod  form  and 
frequency  ( to  be  pubhshed  in  the  proceed- 
ings of  the  1969  North  American  Paleonto- 
logical  Conxention)  has  elucidated  some 
reasons  for  the  ecological  separation  of  P. 
hennudensis  from  P.  cupula  and  P.  nelsoni 
and  for  the  extinction  of  the  latter  two.  P. 
cupula  and  P.  nelsoni  are  not  found  with 
gastropod  assemblages  that  indicate  warmth 
and  dr\ness,  just  those  conditions  associ- 
ated with  the  high  Spencer's  Point  sea  that 
heralded  their  demise. 

5.  The  microgastropod  stud\-  has  provided 
several  more  correlations  of  form  and  diver- 
sity with  Pleistocene  climates.  Thysanophora 
hypolepta  and  Carychiuin  hcimudense  dis- 
play oscillating  trends  in  morphology,  but 
their  adaptixe  significance  is  unclear.  Avail- 
ability of  CaCO;i  is  again  a  controlling 
factor.  The  non-ealciphilic  Thysanophora 
hypolepta  dominates  red  soil  samples,  but 
calciphilic  species  of  Gastrocopta,  Cary- 
chiuuh  and  Vertigo  dilute  its  relati\e  abun- 
dance in  eolianites. 

6.  I  have  located  the  type  of  P.  cupula 
(lain,  mixed  among  related  material  in  the 
collections  of  the  United  States  National 
Museum,  Washington,  D.C.  It  has  been  re- 
catalogued  and  given  the  number  U.S.N.M. 
679536  (Division  of  Mollusks).  Its  colora- 
tion ( 02"3 )  and  form  clearh-  ally  it  with  the 
Albuoy's  Point  sample,  but  the  more  angu- 
late  peripher)  and  higher  spire  ( though,  I 
suspect,  not  a  stronger  dome)  are  beyond 
the  \ariability  range  of  Albuoy's  Point  and 
suggest  a  separate  local  population  of  P.  c. 
(lain.  Morcxn^er,  the  matrix  indicat(\s  a  red 
soil  ca\  e  filling  (  and  therefore  almost  surely 
Shore  Hills — I  know  of  no  St.  George's  cave 
deposits   that   ha\e   \ielded   fossils).     This 
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finding  remo\es  the  somewhat  disturbing 
datum  that  P.  c.  clalli  had  been  the  onh' 
taxon  of  Poecilozonites  known  from  a  single 
locaHty.  But  it  also  in\alidates  (along  with 
the  new  P.  c.  triangularis  data  of  this  ad- 
dendum) my  tenuous  inference  associating 
origin  of  several  subspecies  with  the  Devon- 
shire sea  stand.  However,  my  firmer  conclu- 
sion, that  all  subspecies  were  extinguished 
during  the  Spencer's  Point  high  sea  stand, 
has  been  strengthened  by  the  disco\ery  of 
man}'  new  St.  George's  and  Southampton 
localities,  none  of  \\'hich  contain  a  trace  of 
P.  cupula. 
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Appendix  I: 

SYSTEMATICS 

These  skeleton  descriptions  contain  only 
the  basic  information  of  type  repository 
and  locality,  morphology,  and  distribution. 
The  details  of  morphological  distinction 
are  summarized  in  the  matrices  of  means, 
Appendi.x  3. 

Class:     Gastropoda 
Subclass:     Pulmonata 
Order:   Stylommatophora 
Family:   Zonitidae 

Subfamily:  Poecilozonitinae  Pilsbry,  1924 
Genus:  Poecilozonites  O.  Boettger,  1S84 
Tyi^e:   Helix  hcrmudcn.sis  Pfeiffer,  1845, 
designated  by  Pilsbry,  1888:  286 

Subgenus:   Poecilozonites   (Poecilozonites) 
Pilsbry,  1924 


Poecilozonifes  bermudensis  (Pfeiffer,  1845) 

Type:  Poecilozonites  bermudensis  ber- 
mudensis (Pfeiffer,   1845  )i 

Diagnosis:  Shell  generally  larger,  lower- 
spired,  and  less  intensely  domed  than  in  P. 
ciipuJo;  smaller  and  more  strongly-domed 
than  P.  nelsoni;  coloration  pattern  123  in 
eastern  Bermuda  (eastern  Devonshire  Par- 
ish and  eastward)  and  023  in  western  Ber- 
muda during  Shore  Hills  to  Southampton 
times;  recent  shells  all  123;  band  margins 
diffuse  in  123  form,  fairly  sharp  in  023 
shells;  supplementary  color  wash  usually 
present  below  band  3;  relative  width  of 
band  3  invariably  greater  than  in  P.  cupula; 
"faded"  variation  (bands  replaced  during 
ontogeny  by  lines  at  the  band  peripheries) 
present  in  all  123  samples  save  P.  b.  fasolti 
and  P.  b.  bermudensis:  parietal  callus  pres- 
ent in  P.  b.  zonafus,  P.  J),  siep^mundi,  and 
P.  b.  siepUndac;  strongly  angulate  at 
periphery  of  the  fifth  whorl. 

Distribution:  Island-wide.  Shore  Hills- 
Recent. 

Poecilozonites  bermudensis  zonatus  Verrili, 
1902 

Plate  4,  nos.  1  and  2.  M.C.Z.  Nos.  28987 
and  28988 

Poecilozonites  bermudensis  zonata — Verrili,  1902, 
Trans.  Conn.  Acad.  Arts  Sci.,  v.  11,  p.  728  (foot- 
note; no  figure).  Formally  described  in  Verrili, 
1905,  Trans.  Conn.  Acad.  Arts  Sci.,  v.  12,  pp.  164 
and  191  as  (emend.)  Poecilozonites  bermudensis 
zonatus.  Holotype  and  parat>'pes  figured  in  Verrili, 
1905,  plate  27,  figure  2.  Localities  not  .specified; 
both  eastern  and  western  snails  are  figured.  I  have 
not  been  able  to  locate  the  actual  t>pe  specimens. 

Description :  Color  pattern  is  123  in  east- 
ern Bermuda,  023  in  western  Bermuda; 
generally,  all  bands  have  formed  by  the 
fifth  whorl;  highest-spired,  most  strongly- 
domed  and  relatively  highest  of  P.  ber- 
mudensis subspecies;  umbilicus  relatively 
narrow  for  the  species;  parietal  callus  well 
developed;    aperture    relatively    high    and 

^  Repository  of  hpes  not  specified.  The  iden- 
tity, based  on  illustrations  of  Pfeiffer's  shells  in 
Reeve    (1854),  is  beyond   doubt. 


Evolution  of  Bermudian  Land  Snails  •  Gouhl 


507 


rounded  in  outline;  size  at  fifth  whorl 
spans  entire  range  for  speeies;  5 1  4  to 
6 2/4  posti:)rotoeonch  \\horls  at  maximum 
(only  Shore  Hills  samples  exceed  6 
whorls ) . 

Distribution:  Island-wide.  Shore  Hills- 
Southampton. 

Poecilozonites  bermudensis  fasoiti  new 
subspecies 

Ilolotyiie:  Plate  4,  no.  3.  M.C.Z.  No. 
289S9 

Holot\pe  from  locality  53,  Tom  Moore's 
Caves,   Hamilton   Parish,   Shore  Hills   Soil. 

Description:  Color  pattern  P"2''3;  flame- 
band  transition  occurs  after  fifth  whorl 
and  is  rarely  seen  at  all;  spire  very  low  and 
weakly  domed,  making  P.  /;.  fasoiti  the 
relatively  wddest  subspecies  of  P.  hcnmi- 
dcnsis:  umbilical  width  maximum  for 
species;  parietal  callus  never  developed; 
aperture  relatively  high  (though  lower 
than  Shore  Hills  P.  h.  zonatus),  with  angu- 
lar outlines;  small  at  fifth  whorl,  as  in  all 
Shore  Hills  P.  bermudensis:  6  postproto- 
conch  whorls  at  maximum. 

Remarks:  Paedomorphic  offshoot  of 
Shore  Hills  P.  b.  zonatus. 

Distribution:  Known  from  a  single  lo- 
cahty,  Tom  Moore's  Cave,  Hamilton  Parish. 
Shore  Hills  Soil. 

Poecilozonites  bermudensis  siegmundi 
new  subspecies 

Holotvpe:  Plate  4,  no.  4.  M.C.Z.  No. 
28990 

Holotype  from  locality  10,  southern  tip 
of  Ireland  Island,  Sandys  Parish,  Harring- 
ton Fonnation. 

Description:  Color  pattern  023,  with 
band  fonnation  occurring  later  in  ontogeny 
than  in  tv'pical  western  P.  /;.  zonatus:  spire 
low  and  weakh-  domed  but  relatively  high- 
est among  the  paedomorpliic  subspecies  of 
P.  bermudensis;  umbilicus  moderately 
wide;  parietal  callus  w(>akly  developed; 
aperture  relatively  low  \\'ith  angular  out- 
Hne;  large  at  fifth  whorl;  5  to  5%  post- 
protoconch  whorls  at  maximuTn. 


Remarks:  Paedomorphic  offshoot  of  west- 
ern P.  b.  zonatus. 

Distribution:  Southern  end  of  Ireland 
Island,  Sand\s  Parish,  Harrington  h\)rma- 
tion. 

Poecilozonites  bermudensis  sieglindae 
new  subspecies 

Holotype:  Plate  3,  no.  5,  M.C.Z.  No. 
28991 

Holotype  from  locality  44,  Rockv'  Bay. 
Devonshire  Parish,  Harrington  Formation. 

Description:  Color  pattern  123,  with 
band  fonnation  occurring  later  in  ontogeny 
than  in  typical  eastern  P.  b.  zonatus;  spire 
low  and  weakly  domed;  umbilicus  wide; 
parietal  callus  weakly  developed;  aperture 
relatively  low  with  angular  outline;  large 
at  fifth  whorl;  5  to  5'''s  postprotoconch 
whorls  at  maximum. 

Remarks:  Paedomorphic  offshoot  of  east- 
ern P.  /;.  zonatus. 

Distribution:  Rocky  Bay,  Devonshire 
Parish,  Harrington-Pembroke  Fomiations. 

Poecilozonites  bermudensis  bermudensis 
(Pfeiffer,  1845) 

Plate  4,  no.  6.  M.C.Z.  No.  28992 

Helix  hermuden.%-is — Pfeiffer,  1845,  Proc.  Zool. 
Soc.  London,  v.  13,  p.  67.  (Complete  synonymy 
np  to  1889  given  in  Pilsl)iy,  18S9a.  Inclnsion  in 
Poecilozonites  has  not  been  questioned  since  then.) 
Pfeiffei's  description  Hsts  Iiabitat  simply  as  "Ber- 
muda"; no  figure  gi\en.  l^fciffcr's  shells  are  fig- 
ured by  Reeve,  1854,  plate  57.  They  are  Recent 
forms. 

Description:  Color  pattern  1^2'"3  in  St. 
Ceorge's-Southampton  forms,  often  123  in 
Recent  shells;  spire  weakly  domed  in  all 
forms,  low  in  St.  Ceorge's-Southampton, 
moderate  to  high  in  Recent  forms  due  to 
increase  in  early  whorl  heights;  umbilicus 
wide  in  St.  Ceorge's-Southampton,  mode- 
rately wide  in  Recent  samples;  callus  not 
developed;  large  at  fifth  whorl  in  St. 
Ceorge's-Southampton,  small  to  moderate 
in  Recent;  5  to  S^l-  p()st]:)rotoconch  whorls 
at  maximum. 
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Remarks:  Paedomorphic  offslioot  of  east- 
ern P.  h.  zonatus. 

Distribution:  Confined  to  St.  George's 
Island,  St.  George's  Parish  in  St.  George's- 
Southampton  times.  Island-wide  at  present. 

Poecilozonites  nelsoni  (Bland,  1875) 

Tvpe:      Poecilozonites     nelsoni     nelsuni 

'(Bland,  1875) 
Diagnosis:  Shell  larger,  dome  more  tri- 
angular in  cross  section  than  other  taxa  of 
subgenus;  color  pattern  123  or  023;  parietal 
callus  weakly  developed  in  red  soils,  strong 
in  eolianites;  7  to  (S  postprotoconch  whorls 
in  large  specimens;  distinguished  from  P. 
cupula  and  P.  hcrmudensis  by  larger  size, 
whorl  number,  and  \\'eakly-domed  spire 
and  from  P.  superior  by  lower  spire,  weaker 
dome,  and  strength  of  second  color  band. 
Distribution:  Shore  Hills-St.  George's. 
Island-wide. 

Poecilozonifes  nelsoni  nelsoni  (Bland,  1875) 
Plate  2,  nos.  1-7 

Htjaliiui  nelsoni  Bland,  1875,  Ann.  Lyceum  Nat. 
Hist.  New  York,  vol  11,  p.  78.  Locality  listed  as 
"Bermuda,"  repositor\'  of  types  unspecified. 

Poecilozonites  nelsoni  \ar.  diseoide.s  (iulick. 
1904,  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  416.  Locality 
listed  as  "large  quarry  12  way  bet.  Tuckerstown 
and  Walsingham."  Shore  Hills  soil.  Holotype; 
Plate  2,  no.  1  (  A.N.S.P.  No.  58084 ) . 

Poecilozonites  nelsoni  conoides  \'errill.  1905, 
Trans.  Conn.  Acad.  Arts  Sci.,  p.  163.  Localit\  listed 
as  "near  the  western  shore  of  Castle  Harbour 
in  a  mass  of  red-clay  and  stalagmite,"  Shore  Hills 
.soil.   Topotype:  Plate  2,  no.  4  (NLC.Z.  No.  29013). 

Description:  Color  pattern  123  with 
diffuse  band  margins  ( 023  with  sharper 
margins  in  Shore  Hills  samples  from  Sandys 
Parish);  spire  low  (Gulick's  rejected  P.  n. 
discoides)  to  high  (Verrill's  rejected  P.  n. 
conoides);  rather  triangular  in  cross  sec- 
tion; protoconch  and  size  at  fifth  whorl 
largest  for  subgenus;  maximal  size  (77.6 
mm)  and  postprotoconch  whorl  number 
(8)  for  subgenus;  callus  absent  or  weakly 
developed;  umbilicus  relatively  wide  in 
most  samples;  rounded  to  angulate  at  fifth 
whorl  periphery. 

Distribution:     Shore    Hills-St.    George's. 


Island-wide  in  Shore  Hills,  Smiths  Parish 
in  Harrington-Pembroke,  Hamilton  and  St. 
George's  Parish  in  St.  George's. 

Poecilozonites  nelsoni  callosus  Gulick,  1904 

Plate  3,  nos.  1-3 

Poecilozonites  nelsoni  \ar.  callostis  Ciulick, 
1904,  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  416.  Lo- 
calit}'  listed  as  "Benj.  Trott's  sand  pit  Tucker's 
Town,"  from  unindurated  zone  presumably  Har- 
rington in  age.  Holotype:  Plate  3,  no.  2  (A.N.S.P. 
No.  58086). 

Description:  Color  pattern  023  with 
sharp  band  margins;  spire  medium  in 
height,  rather  triangular  in  cross  section; 
smaller  than  P.  n.  nelsoni  in  maximal  size, 
whorl  number,  protoconch  width,  and  size 
at  fifth  whorl;  shell  thick  with  strongly  de- 
veloped parietal  callus;  umbilicus  usually 
constricted  by  shell  thickening;  angulate  at 
periphery  of  fifth  whorl. 

Distribution:  Harrington-Pembroke  in 
eastern  Bermuda. 

Poecilozonites  cupula  Gulick,  1904 

Tvpe:  Poecilozonites  cu])ula  cupida 
'(Gulick,  1904) 

Diagnosis:  Shell  generally  smaller  and 
higher-spired  than  other  members  of 
subgenus;  distinguished  from  P.  hcrmu- 
densis by  following  features  of  coloration: 
different  banding  patterns  ( 12"3,  I'OO, 
1^03,  02"3,  lf2"3),  sharpness  of  band 
margins,  absence  of  a  supplementary  color 
wash  below  band  3,  lower  relative  width  of 
band  3,  and  absence  of  the  "faded"  vari- 
ation; differs  from  P.  nelsoni  and  P. 
superior  by  smaller  size  and  generally 
stronger  dome;  parietal  callus  lacking  in 
all  subspecies;  faintly  to  moderately  angu- 
lar at  periphery  of  the  fifth  \\'horl. 

Distribution:  Walsingham-Pembroke  in 
eastern  Bermuda.  No  specimens  known 
west  of  Devonshire  Bay  with  exception  of 
possible  hybrid  population  at  Fort  Scaur, 
locality  69. 

Poecilozonites  cupula  cupula  (Gulick,  1904) 
Plate  1,  no.  1.    M.C.Z.  No.  29006 
Poecilozonites      cupula — Gulick,      1904,      Proc. 
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Acad.  Nat.  Sci.  Phila.,  v.  56,  p.  117.  Iloldtypc, 
A.N.S.P.  No.  5S085,  Department  of  Malac()lo,u\. 
Locality  described  as  "large  (iuarr\-  I  2  way  l)e- 
tween  Tiickerstown  and  W'alsinKhani.  A.  C.uliek, 
1903!"  ParatNpes  bear  No.  A.N.S.P.  85.507.  Shore 
Hills  Soil. 

De.scription:  Color  pattern  in\ariably 
12"3;  .spire  high  and  strongly  domed  (type 
localit\-,  Walsingham  local  population )  to 
low  and  moderately  domed  (South  Shore 
local  population ) ;  protoconch  and  size  at 
fifth  whorl  largest  among  P.  cupula  sub- 
species; 5^2  to  &i  postprotoconch  whorls  at 
maximum. 

Distribution:  Hamilton,  Smiths,  and 
southeast  corner  of  Devonshire  Parishes, 
Shore  Hills-Pembroke. 

Poecilozonifes  cupula  dalli  (Gulick,  1904) 

Plate  1,  no.  2.    M.C.Z.  No.  29007 

Poecilozonites  dalli — Gulick,  1904,  Proc.  Acad. 
Nat.  Sci.  Phila.,  56:  417.  Type  locahty  unknown, 
repository  of  type  unspecified.  Figure  and  descrip- 
tion agree  entirely  with  Albuoy's  Point  sample  de- 
scribed below. 

Description:  Polymorphic  in  color; 
morphs  1^03,  02"3  and  lf2"3  are  known, 
of  which  the  second  predominates;  highest 
and  most  strongly-domed  spire  of  all 
samples  of  Poecilozonites;  smallest  proto- 
conch and  size  at  fifth  whorl  and  abso- 
lutely smallest  form  of  subgenus;  umbilicus 
constricted  due  to  increased  intensity  of 
doming  during  ontogeny;  aperture  rela- 
ti\'ely  high  and  narrow;  5^-2  to  6  postproto- 
conch whorls  at  maximum. 

Distribution:  Known  from  a  single 
locality,  Albuoy's  Point,  Smiths  Parish 
(locality  4),   Harrington-Pembroke    (?). 

Poecilozonites  cupula  cupuloides  (Peile, 
1924) 

Plate  1,  no.  3.    M.C.Z.  No.  29008 

Poecilozonites  cupuloides — Peile,  1924,  Proc. 
Malacol.  Soc.  London,  16:  17.  Ilolotype  in  Brit- 
ish Museum.  Paratypes  at  Philadelphia  Academy 
of  Natural  Sciences,  .\.N.S.P.  No.  1.31.584,  Depart- 
ment of  Malacology,  labeled  "  'cupuloides'  ( part 
of  original  lot)  80  yds.  N.  of  Harrington  Hou.se, 
Harrington  Sd.  Base  of  10  ft.  hard  limestone  road 


cutting.     Artluu-     Ha>c()ck      1922!"      Walsingham 
I'Orniation.    Holotype  displays  morpli    1  ^2"3. 

Description:  Polymorphic  in  color, 
morphs  TOO,  l'U3,  ()2"3  and  1'2"3;  all  lour 
present  in  oldest  Quarry  Road  local  popu- 
lation, first  and  second  stabilized  in 
Coney  Island  local  population,  the  third  in 
Bird's  Nest  and  Surf  Bay  local  populations. 
Spire  moderate  in  height  and  dominti:  in- 
tensity; size  at  fifth  whorl  and  maximal  size 
moderate  for  the  species;  Sii  to  6H  post- 
protoconch whorls  at  maximum. 

Distribution:  Hamilton  Parish,  Tucker's 
Town,  W'alsingham-Shore   Hills. 

Poecilozonites  cupula  multispira  new 
subspecies 

Holot\i3e:  Plate  1,  no.  4.  M.C.Z.  No. 
29009 

Holotype  from  locality  84,  St.  David's 
Island,  St.  Ceorge's  Parish.  Largest  speci- 
men of  the  sample.    Harrington-Pembroke 

(?). 

Description:  Polymorphic  in  color; 
morphs  02"3  and  r2"3  are  known,  of 
which  the  fomier  predominates;  spire  of 
large  specimens  high,  but  onh-  moderately 
domed;  strong  relative  height  attained  by 
addition  of  whorls  (a  large  specimen  may 
have  8  postprotoconch  whorls);  although 
maximal  size  is  largest  among  P.  cupida 
subspecies,  size  at  the  fifth  whorl  exceeds 
that  of  P.  c.  dalli  only  slightly  (and  in- 
significantly); 7  to  8  postprotoconch  whorls 
at  maximum. 

Distribution:  St.  David's  Island,  St. 
George's  Parish,  Harrington-Pembroke  (?). 

Poecilozonites  cupula  triangularis 
new  subspecies 

Holotvpe:  Plate  1,  no.  5.  M.C.Z.  No. 
29010 

Holotype  from  localit\'  46,  South  Shore 
Road  at  Pink  Beach,  southeast  corner  of 
Smith's  Parish.    Pembroke  Formation. 

Description:  PoKmorphic  in  color; 
morjohs  02"3  and  r2"3  are  present;  lowest 
spire,  least  strongly-domed  and   relatively 
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widest  subspecies  of  P.  cupula;  as  relatively 
widest  form,  fairly  angulate  at  periphery 
(other  subspecies  of  P.  cupula  very  weakly 
carinate),  but  peripheral  keel  still  not  as 
strong  as  in  more  strongly  domed  P.  her- 
mudcnsis:  size  at  fifth  whorl  exceeded  onl\' 
b\  P.  cupula  cupula;  5  to  5'''s  postproto- 
conch  whorls  at  maximum. 

Poedlozonifes  superior  new  species 

Type:  Poedlozonifes  superior  superior 
new  subspecies 

Diagnosis:  Shell  large  and  strongly 
domed  with  high  spire;  color  123  with 
sharp  band  margins,  12"3  or  103;  parietal 
callus  absent  or  weakly  developed  even 
when  shell  thick;  7  to  8  postprotoconch 
whorls  in  large  specimens;  distinguished 
from  P.  hcrmudcnsis  by  color  and  larger 
size  and  whorl  number,  from  P.  cupula 
by  larger  size  and  whorl  number,  from  P. 
nelsoni  by  color,  higher  spire,  and  stronger 
dome. 

Distribution:  Shore  Ilills-Pembroke,  east- 
ern Bermuda. 

Poedlozonifes  superior  superior 
new  subspecies 

Holot\pe:  Plate  2,  no.  8.  M.C.Z.  No. 
29016 

Holotyi^e  from  localit\-  5,  Government 
Quarry  (Bird  Fissure),  Shore  Hills  Soil. 

Description:  Color  pattern  123  with 
sharp  band  margins;  spire  high  and 
strongly  domed  in  cross  section;  smaller 
and  fewer  whorls  at  final  size  than  in  P. 
nelsoni;  shell  thin;  callus  absent  or  weakly 
developed;  umbilicus  constricted  by  in- 
crease in  spire  height  in  ontogeny;  rounded 
at   fifth  whorl  periphery. 

Distribution:  Shore  Hills,  Hamilton  Par- 
ish. 

Poedlozonifes  superior  orenicolus 
new  subspecies 

Holotype:    Plate   3,   no.   4.     M.C.Z.   No. 

29019 
Holotype  from   locaHty   11,   Ferry  Road 
north  of  Biostation,  Pembroke  eolianite. 


Description:  Color  pattern  12"3  or  103; 
spire  high  and  strongly  domed  in  cross 
section;  protoconch  generally  smaller  than 
in  P.  n.  nelsoni  or  P.  s.  superior;  shell 
thick  but  callus  still  absent  or  weakly  de- 
veloped; umbilicus  constricted  by  spire 
height  and  shell  thickening;  faintly  angu- 
late to  rounded  at  fifth  whorl  periphery; 
up  to  8  whorls  at  final  size. 

Distribution:  Shore  Hills  to  Pembroke, 
eastern  Bermuda. 


Appendix  2: 

REGISTER  OF  LOCALITIES 

Localities  are  described  in  numerical 
order.  Following  the  descriptions,  locality 
numbers  are  listed  by  parish  and  by  sub- 
species. Only  localities  mentioned  in  the 
text  are  described.  I  shall  be  glad  to  fur- 
nish a  more  detailed  list  to  any  enquirer. 

1.  Northern  end  of  Whalebone  Bay. 
Harrington  unindurated  zone,  averaging 
two  feet  in  thickness,  overlies  Devonshire 
sands  and  veneer  of  intertidal  conglome- 
rate. Shore  Hills  soil  stripped  away  for 
the  most  part,  but  preserved  in  "palmetto 
stumps,'  solution  pipes  in  the  massive 
Belmont  marine  limestone.  Snails  from 
Harrington  and  base  of  overlying  Pem- 
broke eolianites. 

2.  South  shore  on  promontory  west  of 
Devonshire  Bay.  Harrington  unindurated 
zone  overlies  well-developed  Devonshire 
intertidal  marine  conglomerate  covering 
massive  Belmont  marine  limestone.  Lee- 
ward beds  of  a  Pembroke  dune  overlie 
Harrington. 

3.  North  Shore  Road,  first  bus  stop 
northwest  of  Flatts  on  road  to  St.  George's. 
North  side  of  road.  A  one-foot  thick  ex- 
posure of  Shore  Hills  soil  is  overlain  by  a 
foot  of  pinkish  Harrington  deposition.  No 
intenening  Devonshire,  since  area  is  top- 
ographically above  maximum  extent  of 
Devonshire  sea.  Hybrids  of  P.  c.  cupula 
and  P.  h.  zonatus. 

4.  Albuoy's   Point,   road   cut  north   of 
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South  Shore  Road.    P.  r.  dalli  in  unindii- 
rated  zone. 

5.  Government  Quarr\-.  Numerous  fis- 
sures in  W'alsingham  eoHanite  filled  with 
Shore  Hills  soil.  Each  fissure  has  a  dis- 
tinct fauna;  they  are  almost  surely  of  dif- 
ferent ages.  P.  b.  zonatus  in  Graveyard 
Fissure  (mostly  quarried  a\\a\-  b\-  1967). 
P.  77.  nelsoni  and  P.  b.  zuiuitus  in  Main 
Fissure  (south  wall  of  quarry),  P.  n.  nel- 
soni and  P.  .S-.  superior  in  Bird  Fissure 
(quarried  away),  and  P.  n.  nelsoni  in 
Coquina  Fissure   (west  wall). 

6.  Black  \\'atch  Pass.  P.  /;.  zonatus  in 
unindurated  zone  ( Harrington  or  Pem- 
broke) at  the  base  of  the  road  cut  at  the 
north  end  of  Black  Watch  Pass.  Zone  rises 
to  south. 

9.^  Harrington  Sound  Road  at  northern 
entrance  to  Government  Quarr\-.  P.  c. 
cupuloides  in  poorK -developed  intra-Wal- 
singham  red  soil  exposed  on  erosional  high, 
and  in  Walsingham  eolianite  above.  A 
single  P.  n.  nelsoni  or  P.  s.  superior  from 
a  Shore  Hills-filled  Walsingham  fissure. 

10.  Southern  tip  of  Ireland  Island.  T>ioe 
localit\-  of  P.  b.  siepnundi.  Poorly-devel- 
oped Harrington  unindurated  zone  over- 
lies Devonshire  eolianite  that  can  be 
traced  to  typical  Devonshire  intertidal 
conglomerate  on  the  northwest  coast. 

11.  Ferry  Road,  north  of  Biostation. 
Thin  deposits  of  Shore  Hills  and  St. 
George's  soils  with  Pembroke  eolianite 
between.  P.  s-.  arenicolus  in  Shore  Hills 
and  Pembroke;  P.  /;.  bermudensis  in  over- 
lying Southampton  eolianite. 

12.  Mullett  Bay  Road.  St.  George's 
soil  on  erosional  high  exposed  for  10  meters 
along  the  road,  diving  beneath  road  level 
at  each  extremity  of  the  outcrop.  A  few 
P.   /;.   bermudensis. 

15.  Sand  pit  in  golf  course  of  St. 
George's   Hotel.    An   unindurated  zone   in 


^  Missing  numbers  correspond  to  collecting  lo- 
calities that  either  yielded  no  Poecilozonites  or 
provided  specimens  not  discussed  herein. 


Southampton   eolianite.    T\pe  locality   for 
Sa>les"s    (1931)    rejected  "McGall's  soil." 

16.  Mullett  Bay  Road  just  before  en- 
trance to  St.  Cieorges  Towne.  Good  de- 
velopment of  St.  George's  soil  on  erosional 
high.  Type  St.  George's  with  a  few  P.  /;. 
bermudensis. 

17.  Abandoned  railroad  cut  east  of 
Whalebone  Bay.  Good  exposure  of  Pem- 
broke and  Southampton  eolianites  with 
strong  St.  George's  profile  ( 1/2  to  3  feet 
thick).  P.  /;.  zonatus  in  St.  George's  and 
at  several  levels  in  the  Southampton. 

18.  Abandoned  railroad  cut  west  of 
Tank  Farm  Pier.  P.  n.  nelsoni  in  St. 
George's  soil,  filling  fissure  in  Pembroke 
eolianite. 

21.  Quarr\'  cut  between  Mullet  Bay 
Road  and  abandoned  railroad  cut  exposing 
Southampton  dune.  P.  b.  bermudensis 
found  at  three  levels:  in,  above  (eolianite), 
and  below  ( eolianite )  a  brownish  unindu- 
rated zone.  Lower  eolianite  is  locality  21a; 
upper  is  21d. 

24.  Khyber  Pass,  Signal  Hill.  Unindu- 
rated zone  ( averaging  3  feet  in  thickness ) 
in  a  Southampton  dune.  Type  locality  of 
Sayles's  (1931)  rejected  "Signal  Hill  Soil." 
27.  Tobacco  Bay.  P.  b.  bermudensis  in 
loosely-consolidated  Southampton  eolianite. 

28.  East  coast  of  St.  George's  Island  at 
Buildings  Ba\-.  Good  development  of  Har- 
rington Formation  containing  only  known 
shells  (^f  P.  b.  zonatus  on  St.  George's  Is- 
land. 

30.  North  Shore  Road  at  "Bird's  Nest" 
residence.  W'ell-de\eloped  profile  of  Shore 
Hills  soil  dips  westward.  P.  c.  cupuloides 
in  Belmont  eolianite  just  below  the  base  of 
the  Shore  Hills.  P.  nelsoni  in  both  Shore 
Hills  (P.  n.  nelsoni)  and  unindurated  zone 
of  overlying  (Pembroke?)  eolianite  (P.  /!. 
callosus).  Only  k-nown  localitv'  in  which 
P.  nelsoni  is  found  in  two  superposed 
horizons. 

31.  South  shore,  west  end  of  Spittal 
Pond.    St.  George's  soil  on  erosional  high 
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atop  Pembroke  dune  covering  Shore  Hills 
deposits. 

32.  South  shore,  east  of  Spanish  Rock. 
Unindurated  zone  in  Pembroke  dune. 

34.  Wilkinson's  Quarry.  Very  strong  de- 
velopment of  Shore  Hills  soil.  P.  n.  nelsoni 
in  several  Shore  Hills  fissures  within  Wal- 
singham  eolianite.  One  fissure  ( south  wall ) 
has  both  P.  n.  nelsoni  and  P.  s.  superior. 

35.  South  shore  at  deep  inlet  east  of 
Spencer's  Point.  Unindurated  zone  in  Pem- 
broke dune,  may  be  correlative  with  lo- 
cality 32.    P.  c.  cupula. 

36.  Quarry  south  of  South  lload,  north 
of  Spencer's  Point.  P.  J),  zonutus  in  massive, 
poorly-consolidated  upper  Southampton 
eolianite. 

37.  South  shore,  western  end  of  Mc- 
Gall's  Bay.  P.  h.  zonatus  in  thin  layer  of  St. 
George's  soil  overlying  Spencer's  Point 
intertidal  marine  conglomerate. 

39.  South  shore  at  eastern  end  of  Saucos 
Hill.  P.  c.  cupula  in  whitish  well-developed 
unindurated  zone  and  in  overlying  eolian- 
ites.    Harrington-Pembroke  interval. 

40.  North  slope  of  Saucos  Hill  south 
of  South  Road.  P.  h.  zonatus  in  barely 
consolidated  late  Southampton  eolianite. 

41.  South  shore  at  western  end  of 
Saucos  Hill.  Most  complete  superposed 
sequence  on  Bermuda.  P.  c.  cupula  in  Har- 
rington-Pembroke unindurated  zone  cor- 
relating with  that  of  locality  39.  P.  h. 
zonatus  in  poorly-developed  St.  George's 
soil  and  in  massive  overlying  Southampton 
eolianites. 

43.  South  shore  on  northeast  end  of 
peninsula  west  of  Sue  Wood  Bay.  P.  c. 
cupula  in  unindvuated  zone  correlating 
with  that  of  localities  39  and  41. 

44.  South  shore  on  promontory  west  of 
Rocky  Bay.  Type  locality  of  P.  h.  sie^,- 
lindae,  found  in  Harrington  unindurated 
zone  and  overlying  Pembroke  eolianite. 

45.  Harrington  Sound  Road  just  west 
of  Sharks  Hole.  Unindurated  zone  at  road 
level,    P.    nelsoni   callosus   fairly    common. 


Sayles's   type    Harrington,    but   may   be    a 
Pembroke  unindurated  zone. 

46.  South  Road  just  east  of  Pink  Beach. 
Type  locality  of  P.  c.  triangularis.  A  well- 
developed  Harrington-Pembroke  unindu- 
rated zone  exposed  in  a  road  cut,  north 
side  of  road. 

47.  South  shore  at  Cox's  Bay.  St. 
George's  erosional  surface  reaches  Bel- 
mont marine  limestone  just  east  of  locality. 
St.  George's  rises  westward  over  a  Pem- 
broke dune  containing  P.  b.  zonatus. 

48.  Ferry  Road,  halfway  between  Bio- 
station  and  Whalebone  Bay.  P.  c.  cupu- 
loides  in  thin  exposure  (less  than  1  foot) 
of  Shore  Hills  soil. 

49.  South  shore  just  west  of  Hungry 
Bay.  Well-developed  brownish  Harrington 
unindurated  zone  overlies  Devonshire  inter- 
tidal conglomerate.  Devonshire  fills  wave- 
cut  notch  on  western  end  of  Hungry  Bay. 

51.  South  shore  at  Grape  Bay.  Second 
most  complete  super^DOsed  sequence  on  the 
island.  Shore  Hills  soil  present  in  solution 
pipes  and  as  veneer  on  Belmont  con- 
glomerate. Thick  intertidal  Devonshire 
conglomerate  follows,  overlain  by  Devon- 
shire sands  and  brown  Harrington  unindu- 
rated zone  with  P.  /;.  zonatus.  Leeward 
beds  of  a  Pembroke  dune  follo^\',  capped 
by  the  St.  George's  erosional  surface. 

53.  Cave  north  of  Tom  Moore's  Tavern. 
Well-developed  Shore  Hills  soil  profile 
within  cave;  type  locality  of  P.  /;.  fasolti. 

55.  Charles  Island.  Well-developed  un- 
indurated zone  surrounds  entire  island. 
Richest  locality  on  Bermuda  for  P.  /;.  zon- 
atus. Harrington  or  Pembroke,  since  red 
soil  overlies  unindurated  zone  at  east  end 
of  island. 

56.  North  shore  north  of  intersection  of 
North  Shore  Road  and  Coney  Island  Road. 
Shore  Hills  soil  exposed  on  top  of  eroding 
cliff. 

62.  South  shore  at  Simmons  Beach.  Mas- 
si\e  accumulation  of  Southhampton  eolian- 
ites,   with     unindurated    zones    separating 
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dunes.    Three  superposed  la\ers  containin<ji; 
P.  J),  zonatiis. 

63.  North  shore  south  of  (iihhet  Island. 
P.  cupula  cupula  in  Penil)rol<e  vuiiiidurated 
zone  at  top  of  eliff.  P.  s.  arcnicolus  in  uu- 
indurated  zone  l)elo\\,  at  sea  level. 

64.  South  Shore  Road  at  MeGall's  Hill. 
P.  n.  ncJsoni  in  Harrington  soil  exposed  at 
road  le\el  on  south  side  of  road. 

65.  North  shore  of  Ireland  Island.  Sliore 
Hills  soil  with  P.  nelsoni  nelsoni  filling 
Walsingham  fissure. 

66.  Quarry  on  southern  Ireland  Island. 
Moderately  developed  St.  Georges  soil 
with  P.  h.  zonatus. 

67.  Middle  Road  south  of  Wilson's 
Island.  P.  h.  zonatus  in  well-developed 
unindurated  zone  of  unknown  age. 

68.  North  shore  north  of  Coney  Island 
Road  just  \\est  of  Coney  Island.  P.  nelsoni 
nclsoiii  in  veneer  of  St.  George's  soil  super- 
posed above  section  containing  Belmont 
eolianites.  Shore  Hills  soil  and  Pembroke 
eolianites. 

69.  Somerset  Road  at  Fort  Scaur.  ( ? ) 
Hybrid  P.  hevmudensis  and  P.  cupula  in 
brown  soil  of  unknown  age  exposed  in  road 
cut  on  east  side  of  road. 

71.  Surf  Bay.  Patchy  unindurated  zone 
separating  two  eolianites.  Red  soil  (prob- 
abl\-  Shore  Hills)  4  feet  above.  Belmont 
eolianite   {?). 

73.  Sand  Quarries  west  of  Middle  Road. 
P.  /;.  zonatus  in  massive  deposits  of  poorly- 
consolidated  upper  Southampton  eolianites. 

75.  South  Shore  Road  just  east  of  Horse- 
shoe Bay.  P.  h.  zonatus  in  massive  deposits 
of  poorly-consolidated  upper  Southampton 
eolianite  exposed  at  south  side  of  road. 
Similar  deposits  with  abundant  land  snails 
throughout  this  region. 

76.  Intersection  of  Knapton  11  ill  l^oad 
and  South  Road.  P.  c.  cuj)ula  in  unindu- 
rated pocket. 

77.  Knapton  Hill  lU)ad  at  crest  ol 
Knapton  Hill.  P.  c.  cupula  in  poorly-de- 
veloped unindurated  zone  exposed  in  road 
cut. 


78.  Grounds  of  Bermuda  Biostation. 
Li\ing  P.  /;.  hernnulcnsis  in  garden  of  "liig 
\Vind  "  cottage. 

79.  Government  Hill  Road  south  of 
ruined  church.  P.  /;.  hcrmudensis  living  on 
weathered  eolianite  in  gardens  along  west 
side  of  road. 

80.  Intersection  of  St.  David's  Road 
and  (Jhapel-of-liiase  lane,  l^npty  shells  of 
P.  /;.  hcrnnulcnsis  found  amidst  decaying 
vegetation. 

81.  North  Shore  Road  south  of  Crawl 
Point.  P.  h.  bermudcnsis  living  on  weath- 
ered eolianite  in  garden  on  south  side  of 
road. 

82.  Perfiune  Factory.  P.  /;.  hcrmudciisis 
living  on  red  soil  of  Perfume  Factory 
gardens. 

83.  Somerset  Road  just  south  of  the 
town  of  Somerset.  Empty  shells  of  P.  /;. 
hcrmudensis  in  gardens  at  roadside. 

84.  Lighthouse  Hill  Road,  St.  David's 
Island.  P.  nelsoni  callosus  and  P.  ciqnda 
mtdtispira  (type  locality)  in  poorly-con- 
solidated eolianite  of  uncertain  age  (prob- 
ably  Harrington-Pembroke ) . 

85.  Harrington  Sound  Road  just  east 
of  intersection  with  Devil's  Hole  Hill  Road. 
P.  c.  triauii^ularis  in  poorly-consolidated 
eolianite  exposed  in  a  road  cut,  north  side 
of  road. 

86.  Paynter's  Road  at  border  of  Hamil- 
ton Parish  and  Tucker's  Town.  P.  nelsoni 
callosus  in  unindurated  zone.  Probably 
Harrington  or  Pembroke  in  age. 

87.  Higgs  Island,  Town  Cut.  Well- 
developed  Harrington  unindurated  zone 
lies  on  patchy  Devonshire  conglomerate 
and  typical  Belmont  marine  limestone. 
Pembroke  eolianite  above.  P.  /;.  zotiatus 
in  continuous  sequence  throughout  Har- 
rington-Pembroke   interval. 

88.  Quarry  on  south  face  of  Fox's  Hill, 
St.  Da\id's  Island.  P.  nelsoni  callosus  and 
P.  c.  niultispira  in  poorly-consolidated 
eolianite. 

89.  Prospero's     Cave.     Well-developed 
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Shore   Hills   Soil    profile   within   caves;   P. 
nelsoni  nelsoni  al)Lindant. 

91.  St.  David's  Road  south  of  Emily's 
Bay.  P.  c.  multispiro  in  poorly-consolidated 
eolianite  exposed  in  road  cut. 

95.  North  Shore  Road  west  of  Bailey's 
Bay.  P.  n.  caUosus  in  Harrington  unindu- 
rated  zone  and  in  overlying  Pembroke 
eolianite  exposed  on  north  side  of  road. 

97.  Cambridge  Beaches.  P.  n.  nelsoni 
in  extensive  exposure  of  Shore  Hills  soil 
exposed  near  sea  level  along  the  western 
shore  of  Somerset  Island. 

100.  Island  west  of  Trunk  Island  in  Har- 
rington Sound.  P.  S'.  arenicolus  in  lower 
unindurated  zone  ( Harrington )  encircling 
island. 

PI.  "Quarry  near  Waterloo  House, 
Castle  Harbour.  A.  Gulick  1903  No.  816." 
P.  b.  zonafiis  from  Shore  Hills  soil. 

P2.  "Large  quarry  1/2  way  between 
Tucker's  Town  and  Walsingham.  A.  Gulick 
1903!"  Shore  Hills  soil.  Type  locality  of 
P.  c.  cupula  and  two  rejected  synonyms  of 
P.  n.  nelsoni  (P.  n.  discoidcs  and  P.  n. 
conoides). 

P3.  "Whitby,  Bailey's  Ba\ .  From  a  cleft 
2  ft.  wide,  90  feet  above  sea  level,  associ- 
ated with  bird  bones,  etc.  Arthur  Ha}'cock 
1922!"  P.  c.  cupula  and  P.  /(.  nelsoni  in 
Shore  Hills  soil. 

P4.  "  'cupuloides'  ( part  of  original  lot ) . 
80  yards  north  of  Harrington  House,  Har- 
rington Sound.  Base  of  10  foot  hard  lime- 
stone road  cutting.  Arthur  Haycock  1922!" 
Type  locality  of  P.  c.  cupuloides. 

P5.  "Cave  near  Harrington  House.  H. 
C.  Hoyt  1927!"  P.  /;.  zxmatus  in  Shore  Hills 
soil. 

P6.  "Castle  Harbor  near  Harrington 
House."   P.  h.  zonatus  in  Shore  Hills  soil. 

P7.  "Devonshire  Marsh,  Gulick's  lo- 
cality 818."  P.  /;.  zonatus  from  unindurated 
zone  or  eolianite.  Both  eastern  and  western 
color  forms  present  with  intermediates. 

P8.  "Benjamin  Trott's  sand  pit.  Tuckers- 
town,  A.  Gulick,  1903."  Probably  Harring- 
ton-Pembroke in  age. 


P9.  "Admiral's  Ca\e,  Bermuda.  Hiram 
Hoyt."  P.  n.  nelsoni  in  deep  red  soil,  al- 
most surely  Shore  Hills  in  age. 

Synopsis  of  localities,  according,  to  parish: 

A)  St.  Georiics  Parish:  1,  11,  12,  15,  16, 
17,  18,  21,  24,  27.  48,  78,  79,  80,  84, 
87,  88,  91; 

B)  Hamilton  Parish:  3,  5,  9,  30,  34,  45,  53, 
56,  68,  81,  82,  86,  89,  95,  100,  PI,  P2, 
P3,  P4,  P5,  P6,  P9; 

C)  Tucker's  Town:    55,  71,  P8; 

D)  Smiths  Parish:  4,  31,  32,  35,  36,  37,  39, 
40,  41,  46,  63,  64,  76,  77,  85; 

E)  Devonshire  Parish:  2,  43,  44,  47,  P7; 

F)  Paget  Parish:  49,  51; 

G)  Pembroke  Parish:  6; 
//)  Warwick  Parish:  62; 

/)  Southampton  Parish:  67,  73,  75; 

/)  Sandys  Parish:  10,  65,  66,  69,  83,  97. 

Synopsis  of  localities  according  to  sub- 
species: 

A)  P.  nelsoni  nelsoni 

1.  Shore  Hills:  5,  9  (?),  30,  34,  65,  89, 
97,  P2,  P3,  P9 

2.  Harrington-Pembroke:    64 

3.  St.  George's:  18,  68 

B)  P.  nelsoni  caUosus 

1.  Harrington-Pembroke:     30,    45,    84, 
86,  95," P8 

C )  P.  superior  superior 

1.  Shore  Hills:  5,  9(?),  34 

D )  P.  superior  arenicolus 

1.  Shore  Plills:   11 

2.  Harrington-Pembroke:    11,  63,   100, 
loc.  ?  (Bda.  Museum) 

E)  P.  bermudensis  zonatus 

1.  Shore  Hills:  5,  PI,  P5,  P6 

2.  Harrington:   1,  2,  28,  49,  51,  55,  87 

3.  Pembroke:  1,  6,  47,  87 

4.  St.  George's:  17,  31,  37,  41,  66 

5.  Southampton:  17,  36,  40,  62,  73,  75 

F)  P.  bermudensis  fasolti 
1.  Shore  Hills:  53 

G)  P.  bermudensis  siegmundi 
1.  Harrington:  10 
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H)   p.  hvrmudensis  siegUndae  L)    P.  cupula  cupuloidcs 

1.  llaniiio;ton:  44  1.  Walsiii.^hani:  9,  P4 

2.  Pembroke:  44  2.    (?)  Belmont  eolianite:  30,  71 
I)     P.  hennudcnsls  hcrmudemis  3.  Shore  Hills:  48,  56 

1.  St.  George's:  11,  12,  16  M)    P.  cupula  multispira 

2.  Southampton:    11,  15,  21,  24,  27                    1.   (?)    IIarrinc4ton-Pem])roke:    84,   88, 

3.  Reeent:  78,  79,  SO,  81,  82,  83                               91 

J)     P.  cupula  cupula  N)    P.  cupida  tiianiiularis 

1.  Shore  Hills:   P2,  P3  1.  Harrington-Pembroke:  46,  85 

2.  Harrington-Pembroke:    32,    35,    39,      O)    Hvbrid  P.  hermudensis-P .  cupula 
41,  43,  63,  76,  77  l/shore  Hills:  3 

K)    P.  cupula  dalli  2.  Harrington:   3 

1.  Harrington-Pembroke:  4  3.   (?):  69 
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Matrix  of  means  for  P.  nelsom  and  P.  superior  (standardized  at  40  mm  height  +  width) 
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1.98 

6.58 

3.71 

8.94 

6.23 

15.18 

1.43 

56.0 

SH89 

.395 

2.37 

.356 

3.59 

1.40 

5.07 

2.51 

7.13 

4.54 

10.07 

7..56 

17.78 

1.31 

57.7 

SIIP9 

.336 

2.20 

.287 

3.39 

1.22 

4.87 

2.31 

6.80 

4.15 

9.39 

7.10 

16.49 

1..32 

58.0 

SHP2 

.304 

2.43 

.211 

3.78 

0.863 

5.46 

1.95 

7.71 

3.76 

11.17 

6.41 

17.59 

1.74 

58.2 

SHF3 

.359 

.324 

2.34 

.272 

3.53 

0.967 

5.03 

1.94 

6.96 

3.57 

9.75 

6.25 

16.00 

1.60 

54.0 

SH30 

.387 

2.38 

.283 

3.63 

1.24 

5.19 

2.37 

7.28 

4.32 

10.13 

7.31 

17.44 

1.39 

56.9 

SH65 

.498 

.355 

2.40 

.290 

3.66 

1.12 

5.28 

2.17 

7.50 

4.03 

10.94 

7.17 

18.11 

1.52 

55.3 

SH97 

.294 

2.05 

.272 

3.35 

0.848 

5.10 

1.68 

7.34 

3.47 

10.71 

6.62 

17..34 

1.62 

58.5 

HP64 

.444 

2.28 

SG18 

.400 

.341 

2.35 

.238 

3.71 

0.997 

5.36 

2.08 

7.68 

3.85 

11.00 

6.83 

17.83 

1.61 

55.3 

SG68 

.330 

.330 

2.41 

.314 

3.75 

1.21 

5.34 

2.35 

7.56 

4.24 

10.70 

7.19 

17.89 

1.49 

56.4 

P.n.  callosus 

HP95 

.288 

2.04 

.365 

3.17 

1.16 

4.61 

2.10 

6.67 

3.68 

9.61 

6.40 

16.01 

1.50 

55.0 

HP30 

.287 

1.95 

.342 

2.92 

1.04 

4.21 

1.92 

6.01 

3.59 

8.38 

6.20 

14.58 

1.35 

56.8 

HP45 

.391 

.214 

1.83 

.323 

2.83 

1.01 

4.09 

1.89 

5.71 

3.39 

7.78 

5.89 

13.67 

1.32 

57.2 

HP86 

.224 

1.85 

.310 

2.95 

0.937 

4.36 

1.79 

6.28 

3.21 

8.94 

5.71 

14.66 

1.57 

56.7 

HPP8 

.631 

.290 

2.00 

.391 

3.04 

1.26 

4.39 

2.19 

6.15 

3.76 

8.69 

6.29 

14.98 

1.38 

56.5 

HP(?)i 

.237 

1.84 

.312 

2.75 

1.06 

3.97 

1.93 

4.87 

3.41 

7.47 

5.94 

13.41 

1.26 

58.0 

HP84  and  88 

2.04 

.307 

2.99 

1.03 

4.20 

1.82 

5.82 

3.07 

8.24 

5.03 

13.27 

1.64 

53.7 

P.s.  superior 

SH34 

.277 

.250 

2.40 

.305 

3.50 

1.21 

4.76 

2.48 

6.12 

4.61 

7..37 

7.41 

14.76 

0.994 

59.6 

SH5  ( Bird ) 

.272 

.277 

2.13 

.335 

3.17 

1.25 

4.29 

2.37 

5.39 

4.26 

6.67 

7.01 

13.67 

0.951 

61.2 

SH92 

.227 

2.54 

.372 

3.65 

1.56 

4.84 

3.12 

6.18 

5.58 

7.44 

9.37 

16.81 

0.794 

54 

P.s.  arenicolus 

HP63 

.206 

1.95 

.330 

2.96 

1.06 

4.23 

1.93 

5.82 

3.50 

7.60 

6.18 

13.78 

1.23 

56.6 

HPlOO 

.221 

1.97 

.333 

3.04 

1.03 

4.36 

1.86 

6.12 

3.45 

8.18 

6.26 

14.45 

1.31 

56.8 

HPll 

.221 

2.05 

.314 

3.20 

1.07 

4.48 

2.07 

6.07 

3.82 

7.75 

6.67 

14.42 

1.16 

57.3 

HP(?)3 

.201 

2.05 

.348 

3.07 

1.21 

4.29 

2.28 

5.67 

4.15 

7.17 

7.10 

14.27 

1.01 

55.8 

1  From  Sayles  collection  labelled  "S.  Shore  Harrington  Soxond." 

2  Either  P.s.  superior  or  P.n.  nehoni. 

5  From  Bermuda  Museum  labelled  "Bermuda." 
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Matrix  of  means  for  P.  nelso.m  and  P.  superior  (continued) 
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P.ti.  iiclsoui 

SH5  ( M 

ain) 

1.86 

260 

2.26 

11.75 

1.21 

9.69 

.629 

8.76 

5.82 

2.32 

.197 

4.02 

.342 

15.4 

0.229 

SH5  (Bird) 

2.28 

240 

2.60 

11.84 

1.2S 

9.27 

.606 

8.18 

6.07 

5.21 

.440 

4.42 

.373 

15.3 

0.033 

SH5  (Coquina) 

2.14 

217 

2.23 

11.73 

1.23 

9.52 

.610 

S.39 

5.86 

4.87 

.415 

4.42 

.377 

15.6 

0.056 

SH89 

1.89 

270 

2.54 

12.11 

1.26 

9.63 

.651 

8.44 

6.20 

3.76 

.310 

4.26 

.351 

14.8 

0.102 

SHP9 

1.87 

275 

2.38 

12.44 

1.32 

9.45 

.622 

8.59 

6.03 

2.98 

.239 

4.34 

.349 

15.2 

0.020 

SHP2 

2.07 

173 

3.05 

13.29 

1.43 

9.31 

.700 

8.88 

6.2S 

3.76 

.283 

5.03 

.378 

13.3 

0.010 

SHP3 

2.01 

197 

0.593 

SH30 

1.80 

262 

2.81 

12.17 

1.27 

9.58 

.665 

8.32 

6.23 

4.12 

.339 

4.23 

.347 

14.4 

0.108 

SH65 

1.96 

224 

2.68 

12.65 

1.37 

9.26 

.652 

8.82 

5.95 

2.68 

.212 

4.32 

.341 

14.2 

0.072 

SH97 

2.16 

171 

2.84 

12.71 

1.35 

9.39 

.676 

9.12 

6.50 

2.93 

.230 

4.67 

.368 

13.9 

0.000 

HP64 

SG18 

1.88 

221 

2.98 

12.62 

1.42 

8.88 

.648 

8.33 

6.55 

3.57 

.283 

4.84 

.383 

13.7 

0.190 

SG6S 

1.85 

242 

2.56 

12.54 

1.35 

9.27 

.648 

8.32 

6.13 

3.72 

.297 

4.61 

.368 

14.3 

0.079 

P.n.  callosus 

HP95 

1.81 

254 

2.07 

11.77 

1.21 

9.73 

.653 

8.53 

5.76 

2.83 

.240 

3.75 

.319 

14.9 

0.977 

HP30 

1.97 

240 

2.04 

11.59 

1.16 

9.97 

.619 

8.53 

6.06 

2.74 

.236 

3.88 

.335 

16.1 

0.557 

HP45 

2.03 

246 

1.47 

11.38 

1.13 

10.04 

.60S 

8.62 

6.00 

3.82 

.336 

3.87 

.340 

16.5 

0.688 

HP86 

1.92 

215 

2.08 

12.08 

1.25 

9.63 

.629 

8.94 

6.35 

4.98 

.413 

4.33 

.358 

15.3 

1.157 

HPP8 

1.77 

290 

1.89 

11.19 

1.19 

9.40 

.610 

8.42 

5.61 

3.59 

.320 

3.60 

.321 

15.4 

0.659 

HP(?)i 

2.00 

270 

1.35 

11.26 

1.17 

9.66 

.589 

8.41 

5.95 

4.48 

.398 

3.72 

.330 

16.4 

0.419 

HP84  an 

d88 

1.80 

246 

2.43 

10.91 

1.15 

9.52 

.591 

8.48 

5.88 

3.48 

.319 

3.79 

.348 

16.1 

1.940 

P.s.  siipc 

rior 

SH34 

2.82 

258 

1.41 

11.01 

1.09 

10.10 

.552 

7.59 

6.25 

4.67 

.424 

4.23 

.384 

18.3 

0.000 

SH5  (  Bii 

rd) 

2.66 

290 

1.16 

10.43 

1.04 

10.03 

.528 

7.37 

6.34 

5.59 

.536 

4.45 

.427 

19.0 

0.033 

SH92 

2.60 

327 

P.s.  aren; 

icolus 

HP63 

2.23 

243 

1.53 

10.71 

1.15 

9.31 

.538 

8.11 

5.77 

5.09 

.475 

3.73 

.349 

17.3 

0.082 

HPlOO 

2.18 

227 

1.96 

11.12 

1.10 

10.13 

.603 

8.63 

5.83 

4.94 

.444 

3.57 

.321 

16.8 

0.144 

HPll 

2.37 

238 

1.56 

10.74 

1.11 

9.67 

.559 

8.14 

5.79 

4.48 

.417 

3.21 

.299 

17.3 

0.098 

HP(?)' 

2.40 

280 

1.65 

10.52 

1.08 

9.29 

.510 

7.62 

5.91 

5.65 

.537 

3.87 

.368 

18.2 

0.016 

1  From  Sasles  collection  labelled  "S.  Shore  Harrington  Sound." 

2  Either  V.s.  superior  or  P.n.  nehoni. 

3  From  Bermuda  Museum  labelled  "Bermuda." 
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Plate  1.      Poecilozonites  cupula  and  coloration  of  P.  bermudensis 
Figures 

1.  Poecilozonites  cupula  cupula  GoWck.    From  locality  63,  Pembroke  Formation.     Coloration   121^3.     MCZ  29006.     X  272. 

2.  Poecilozonites  cupula  dalli   (Gulick).     From   locality  4,   Harrington  Formation.     Coloration  02'^3.     MCZ  29007.     X  272. 

3.  Poec/7ozon/tes  cupula  cupuloides  (Peile).  From  locality  9,  Walsingham  Formation.    Coloration  1^00.    MCZ  29008.     X  27;. 

4.  Poecilozonites  cupula  multispira  new  subsp.     Holotype  from    locality  84,   Harrington    Formation.     Coloration  023.     MCZ 

29009.  X  272. 

5.  Poecilozonites  cupula  triangularis  new  subsp.     Holotype  from  locality  46,   Harrington  Formation.    Coloration  023.     MCZ 

29010.  X  272. 

6.  Poecilozonites  bermudensis  zonatus  Verrlll.     From  locality  6,   Pembroke  Formation.     Illustrated  to  sfiow  coloration  of  this 
subspecies  In  western  Bermuda — 023.    MCZ  28995.     X  2. 

7.  Poeci/ozonites  bermudensis  zonatus  Verrlll.     From  locality  41,  Southampton  Formation.     Illustrated  to  show  coloration  of 
this  subspecies  in  eastern  Bermuda— 123.    MCZ  28994.    X  2. 
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Plate  2.      Poecilozonites  nehoni  and  P.  superior 
Figures  1-5  are  arranged  to  show  increasing  height  of  spire  among  local  populations  of  P.n.  nehoni. 

Figures 

1.  Poecilozonites  nelsoni  nelsoni  (Bland).     Holotype  of  P.  nelsoni  discoides  Gulick.     From  locality  P2,  Shore  Hills  Formation. 
ANSP  58084.    X  1. 

2.  Poecilozonites  nelsoni  nelsoni  (Bland).     From  locality  18,  St.  George's  Formation.     MCZ  29011.     X  1- 

3.  Poeci/ozon/tes   nelsoni   nelsoni    (Bland).     From    locality  30,   Shore   Hills   Formation.     MCZ   29012.     X  1- 

4.  Poecilozonites  nelsoni  nelsoni  (Bland).    Topotype  of  P.  nehoni  conoides  Verrill.     From  locality  P2,  Shore  Hills  Formation. 
MCZ  29013.    X  1. 

5.  Poecilozonites  nehoni  nelsoni    (Bland)    or  P.    superior  superior   new   sp.     From    locality  9,   Shore    Hills    Formation.     MCZ 
29014.     X  1. 

6.  Poecilozonites   nelsoni  nelsoni    (Bland).     Would-be    holotype   of   Pilsbry's   manuscript   name  P.    nelsoni  gulickiana.     From 
locality  P3,  Shore  Hills  Formation.    ANSP  131582.     XL 

7.  Poecilozonites  nelsoni  ne/soni   (Bland).     From  locality  5  (Bird  Fissure),  Shore  Hills  Formation.    MCZ  29015.     X  1- 

8.  Poecilozonites  superior  superior  new  sp.     Holotype  from    locality  5    (Bird    Fissure),    Shore   Hills    Formation.     MCZ   29016. 
X  1. 
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Plate  3.      Poecilozonites  nelsoni,  P.  superior,  and  profoconch  of  P.  bermudensh 
Figures 

1.  Poeci/ozonifes  ne/soni  callosus  Gulick.     From  locality  45,  Harrington  Formation.    Note  023  coloration.    MCZ  29017.  X  1- 

2.  Poeci/ozon/tes  nelsoni  callosus  Gulick.     Holotype  from  locality  P8,  Harrington-Pembroke  Formations.    ANSP  58086.   X  1- 

3.  Poeci/ozonites  nelsoni  callosus.    From  locality  84,  Harrington-Pembroke  Formations.     MCZ  29018.     X  1- 

4.  Poeci/ozonites  superior  arenicolus  new  subsp.     Holotype  from  locality  11,  Pembroke  Formation.     MCZ  29019.     X  1- 

5.  Poecilozonites  superior  arenicolus    new  subsp.     From    Bermuda   Museum,    locality   unknown.     Note    103  coloration.    MCZ 
29020.     X  1. 

6.  Poeci/ozonifes   bermudens/s   bermudensis    (Pfeiffer).     From    locality  78.     Recent.     '/2  wtiorled  specimen   to  sfiow  form   of 
juvenile.    MCZ  29000.     X  18. 

7.  Poec/'/ozon/'tes  bermudens/s  bermudensis  (Pfeiffer).     From  locality  78.     Recent.     Note  transition  from    protoconch   to   post- 
embryonic  shell  'A  whorl  before  terminus.    MCZ  29000.    X  18. 
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Plate  4.      Poecilozonitei  bermudens/'s 

Figures  1-6  depict  ancestral   and   poedomorphic  subspecies  of  this   taxon.     Figure   1    enlarged    X    2;   others   enlarged   to  some 
width.    Actual  widths  of  specimens:    1  :=  19.7  mm,  2  =::  11.5  mm,  3  ^  22.2  mm,  4  ^  21.5  mm,  5  ^  20.2  mm,  6  =  23.0  mm. 

Figures 

1.  Poeci/ozon/tes  bermudensis  zonofus  Vernll.     From  locality  73,  Southampton   Formation.     MCZ  28987. 

2.  Poecilozonites  bermudensis  zonatus  Verrill.     From  locality  73,  Southampton  Formation.    Juvenile  specimen   (3  6/8  whorls) 
enlarged  to  show  similarity  of  shape  with   adult   paedomorphs.    MCZ  28988. 

3.  Poecilozonites    bermudensis    fasoiti    new    subsp.     Holotype    from   locality  53,  Shore  Hills  Formation.     MCZ  28989. 

4.  Poecz/ozonifes  faermudens/s  siegmundi  new  subsp.     Holotype  from  locality  10,   Harrington   Formation.     MCZ  28990. 

5.  Poecilozonites  bermudensis  sieglindae  new  subsp.      Holotype  from   locality  44,   Harrington   Formation.     MCZ   28991. 

6.  Poecilozonites  bermudensis  bermudensis   (Pfeiffer).     From   locality  21,   Southampton   Formation.     MCZ   28992. 

7.  Poecilozonites  bermudensis  bermudensis  (Pfeiffer).     From  locality  78,    Recent.     Illustrated  to  show  persistence  of  juvenile 
color  flommuiation  in  paedomorphs.    MCZ  28993.     X  2. 

8.  Poecilozonites  bermudensis  zonatus  Verrill.     From   locality  41,   Southampton    Formation.     Typical    coloration   of  non-pae- 
domorphs.    MCZ  28994.    X  2. 
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Plate  5.      Hybrids  Poecilozonites  cupula  X  P-  bermudensis  and  coloration  of  P.  bermudensh 
Figures 

1.  Hybrids,   Poecilozonites  cupula    X    P-   bermudensis.     From   locolity   3,   Harrington   Formation,     lo,   cupu/o-like   coloration 
12"3.     lb,    intermediate.     1  c,  bermudensis-like  coloration   1  (23).    MCZ  29004.     X  2. 

2.  Hybrids,   Poecilozonites  cupula    X    P-   bermudensis.     From   locality   69,    formation    unknown.      Intermediate    in    color   and 
form.    MCZ  29005.    X  2. 

3.  Poeci/ozon/tes  bermudensis  zonatus  Verrlll.     From  locality  67,  formation  unknown.    12(3S)  coloration.    MCZ  29001.     X  2. 

4.  Poecilozonites  bermudensis  zonatus  Verrill.     From    locality  5,  Shore  Hills  Formation.    123  coloration.    MCZ  29002.     X  2. 

5.  Poecilozonites  bermudensis  zonatus  Verrill.     From  locality  36,  Southampton  Formation.    Illustrated  to  show  "faded"  color 
variation   in  which  bands  of  color  are   replaced   by   lines   at  the   previous  band   peripheries.     MCZ  29003.     X  2. 
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